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NOTICE BY THE PUBLISHER. 



In issuing a Fifth Edition of the present work, I feel it incumbent 
npon me, as the Publisher, to offer a few remarks in reference to an 
article in the Athcncewn of March 13th, 185S, which article, under 
the assumed character of a Review of Baker's Mensuration, contains 
charges injurious alike to the Author and to myself, and to give 
publicity to which seems to have been the sole objeot of the writer. 

The Reviewer has coupled together, in his production, two books 
on Mensuration — one by Mr. Elliot, and the other by Mr. Baker ; 
and the single point he aims at establishing is, that tho latter Author 
has plagiarised from the former. 

Upon his own showing, the Reviewer has been in previous cor- 
respondence with Mr. Elliot, and has been supplied with letters, 
passing between Mr. Elliot, Mr. Baker, and myself ; by aid of these 
he is enabled, he thinks, to substantiate a charge of plagiarism 
against Mr. Baker, and consequently to implicate me in dealing in 
stolen goods. 

Now, to those who have not read the Reviewer's remarks, it is 
necessary to state that all the alleged plagiarisms consist of certain 
schoolboy questions, with which books on Mensuration usually 
abound, and which are given as exercises for schoolboys to work 
out. As everybody knows, these questions involve in general but 
arbitrary suppositions, and seldom have any reference to actually 
existing circumstances or matters of fact. I hero quote two, which — 
although the numbers are altered in Mr. ISakor's statements of them 
— are adduced as plagiarisms from Mr. Elliot : 

1. " A ladder is to be placed so as to reaoh a window, tho sill of 
whioh is 67^ feet from the ground : the foot of the ladder cannot be 
brought nearer than 36 feet from the wall : what length of ladder 
will be sufficient P Answer, 76J feet." 

In Mr. Baker's version, the given numbers being different, the 
answer is 38£ feet. 

2. " A ladder standing upright beside a wall 100 feet high, just 
roaches the top ; how far may the foot of the ladder bo removed 
from the wall, and still reaoh within 6 inches of the top ? Answer, 
10 feet." 

This question too, though substantially tho same in Baker fseo 
question 11, p. 21), is nevertheless considerably modified, and is 
certainly not copied. 

Now, I would ask any candid person, familiar with sohoolbooks of 
this kind, whether questions such as the abovo are not common to 
them all; and whether there is a particle of merit in framing them, 
or a particle of demerit in copying them ? 
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If the Reviewer wish to further employ his talents in this kind 
of criticism, I can furnish him with an ample crop of materials. Or, 
if he have ever written a hook on Mensuration or on Algebra himself, 
I will undertake to supply him with the like materials from his own 
work, so that he may profitably review himself. 

Did the Reviewer ever see the question about the post being so 
much in mud, so mnoh in water, and so much above the water ? 

I dare say he can tell me in what book on Algebra that occurs : 
can he tell in what book on Algebra it does not ocour? 

I might make the same inquiry about the Jish, which every book 
on Algebra serves up — head, body, and tail. And he ought to know 
that questions about ladders strutting across streets, and reaching 
windows, are quite as haokneyed as these. 

Such is the nature of the literary delinquencies brought against 
the author of this book : but the Reviewer gathers — not from the 
book — but from the private letters before alluded to, that Mr. Baker 
has affirmed what is not true. Mr. B. denies having seen Mr. Elliot's 
work, and the Roviewer dwellB a good deal upon his moral delin- 
quency. Is it the office of the Reviower to assume the funotion of a 
public corrector of morals, even though the offence be confined to a 
private letter ? 

But, even on this point, the Reviewer's evident desire to damage 
the Author and his work, has hurried him to hasty conclusions. 
Mr. Elliot has written two works on Mensuration, in size and 
appearanco totally unlike, and put forth by different publishers. 

Mr, Baker, as was his duty, collected all the books on the subject 
he could during the compilation of his own ; and he did so expressly 
with the view of selecting questions : I presume the general practice 
of all compilers of such treatises. He has no doubt about having 1 
seen one of Mr. Elliot's two works, but a very different book from 
which he is charged with copying, I am persuaded he never did see. 
As the Reviewer is so rigid a judge in matters of plagiarism, I 
think he ought, iu consistency, to rebuke Mr. Elliot for copying even 
from himself. 

I have only to say, in conclusion, that it has always been my most j 
anxious endeavour to secure, for my series of Rudimentary Treatises, ! 
writers of ability and reputation; and I respeotfully, but confidently, 
leave the public to judge whether this endeavour has not been on 
the whole successful. And I cannot hut complain that any writer 
in a literary journal should attempt to frustrate my honourable 
efforts, and injure property on which I have expended a very large 
outlay, by insinuations, as unjust as they are injurious, that I 
connive at an infringement of the rights of others. 

JOHN WE AXE. 
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It will at once be seen that condensation of the materials pro- 
duced by previous authors, and the introduction of a judicious 
selection of matter, adapted to the expanded intellect of the 
present age, are the proper requisites for a work on Mensuration. 
To this plan, the author trusts, from his long experience in en- 
gineering pursuits, tliat he has strictly adhered. In the first 
part, on Practical Geometry, numerous examples arc intro- 
duced, wherein the dimensions of certain parts arc given to find 
the dimension of their corresponding parts, which lias been rarely 
or never done by previous authors. This part is succeeded by a 
second part, on the Mensuration of Lines; which is not 
added for the sake of novelty only, but because it seemed to he 
the natural order of a work of this kind. The third and fourth 
Parts treat of the Mensuration or Superficies and of 
Solids ; while in all the three last-named Parts the rules are 
not only given in words at length, in the usual way, but the same 
rules are expressed by Formulae, together with other formula? 
depending thereon, by which the rules receive considerable exten- 
sion. Some of the rules and examples arc taken verbatim from 
Dr. Hutton's Mensuration; for the author conceives that it would 
be disreputable to attempt, by verbal alterations in such rules, to 
give an air of originality to his work, as all other authors have 
done since Dr. H.'s time : the originality of this work consists in 
the new matter, everywhere added, to adapt it to the wants of 
modern times. Timber measuring and Artificers' work, the latter 
with considerable modern improvements, are next introduced, 
with concise and practical methods of finding the surfaces and 
solidities of vaulted roofs, arches, domes, &c. 

Concise, and the author trusts, clear systems of land surveying, 
levelling, laying out railway curves and finding the contents of 
railway cuttings, complete the work, and serve as an introduction 
to the author's Land and Engineering Surveying, which con- 
tains everything adapted to modem practice that, can be de- 
sired, an extension to this subject having been first given by the 
author, not found in any work previous to those written by hiin, 
see pages 179 and 203 of that work. 

The demonstrations of all the rules and formulae, in the four 
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leading parts of the work, will be found in Dr. Hutton's Large 
Mensuration and in the Rudimentary Geometry; the remainder 
of the demonstrations will be found in the author's Railway En- 
gineering or in his Land and Engineering Surveying. 

Conic Sections and their solids are very briefly treated of in 
the four preceding parts of the work, and chiefly in as far as 
they may be useful to those who may intend to become excise 
officers, whose actual practice is best learnt from an experienced 
officer. Thus an extended article, such as is usually given by 
other authors, is avoided, as not being generally useful to prac- 
tical men. 

The weights and dimensions of balls and shells may be found 
by Prob. VIII., Part IV., in conjunction with the Table and 
Rules for finding the specific gravities of bodies, if required. 

The method of piling balls and shells, finding their number 
in a given pile, and the quantity of powder contained in a given 
shell or box, form no essential part of a work on mensuration, 
being only useful in an arsenal, and are, therefore, also omitted. 
The author has thus secured ample space for the discussion of 
subjects really useful to the great majority of students and prac- 
tical men, in the compass of a volume less than half the size and 
one-fifth of the price of the works of his predecessors ; besides 
adding matter, adapted to the wants of modern times, not found 
in any existing work on mensuration. 

The plan being thus briefly detailed, it will now be proper, 
previous to studying the following work, to give the following 

DIRECTIONS FOR BEGINNERS. 

The beginner, for a first course, may omit the Problems be- 
vond the thirty-second in Practical Geometry, and Problems 
III., VIII., IX., XI., and XII., in the Mensuration of Lines, 
with the formulae and examples depending on them. He may 
also omit all the formula? in the Mensuration of Superficies and 
Solids, with the examples depending on them, as well as the 
Problems beyond the tenth in the Mensuration of Solids, except 
it is required he should learn the method of gauging casks, in 
which case omit only the two last problems. But if he require 
an extensive knowledge of some or all the subjects here treated 
of, he will do well to learn the use of such of the formulae and 
the other parts, omitted in the first course, according to what he 
may require as a practical man. 
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MENSURATION. 



Mensuration treats of the various methods of measuring ami 
estimating the dimensions and magnitudes of figures and bodies. 
It is divided into four parts, viz., Practical Geometry, and Men- 
suration of Lines, of Superiices, and of Solids, with their several 
applications to practical purposes. 



PRACTICAL GEOMETRY. 

DEFINITIONS. 

1. A point has no dimensions, neither length, breadth, nor 
thickness. A 

2. A line has length only, as A. 

3. A surface or plane lias length and [ Z i 
breadth, aa B. I B ) 

4. A right or straight line lies wholly in the same direction, 
as A B. 

5. Parallel lines are always at the same A 15 

distance, and never meet when prolonged, q u 

as A B and C D. 

6. An angle is formed by the meeting of . 
two lines, as AC, CB. It is called the 

angle ACB, the letter at the angular point c«^_ n 

C being read in the middle. 

7. A right angle is formed by one right A 
line standing erect or perpendicular to an- ■ , D 
other; thus, ABC is a right angle, as is / 
also ABE. \[_ „ 

8. An acute angle is less than a right e B 
angle, as DBC. 

9. An obtuse angle is greater than a right angle, as D B E, 



2 PRACTICAL GEOMETRY. 

10. A plane triangle is a space included by three right lines, 
and has three angles. 

11. A right angled triangle has one right 
angle, as A B C. The side A C, opposite the 
right angle, is called the bypothenuse; the 
sides A B and B C are respectively called the 
base and perpendicular. 

12. An obtuse angled triangle has one obtuse 
angle, as the angle at B. 

13. An acute angled triangle has aU ite 
three angles acute, as D. 

14. An equilateral triangle has three equal 
sides, and three equal angles, as E. 

15. An isosceles triangle has two equal sides, 
and the third side greater or less than each of 
the equal sides as F, 

16. A quadrilateral figure is a space bounded by four right 
lines, and has four angles; when its opposite 
sides are equal, it is called a parallelogram. 

17. A square has all its sides equal, and all 
its angles right angles, as G. 



18. A rectangle is a right angled parallelogram, whose length 
exceeds its breadth, as B, (see figure to definition 2). 

19. A rhombus is a parallelogram having 
all its sides and each pair of its opposite angles 
equal, as L 

20. A rhomboid is a parallelogram having 
its opposite sides and angles equal, as K, 

21. A trapezium is bounded by four 
Btraight lines, no two of which are parallel 
to each other, as L. A line connecting 
any two of its angles are called the diagonal, 
as AB. 



/j7 
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PRACTICAL GEOMETRY. 

22. A trapezoid is a quadrilateral, having 
two of its opposite sides parallel, and the re- 
maining two not, as M. 

23. Polygons have more than four sides, and receive par- 
ticular names, according to the number of their sides. Thus, 
a. pentagon hns five sides; a hexagon, six; a, heptagon, seven; 
an octagon, eight ; &c They are called regular polygons, 
■when all their sides and angles are equal, otherwise irregular 
polygons. 

24. A circle is a plain figure, hounded by a 
curve line, called the circumference, which ia 
everywhere equidistant from a point C within, 
called the centre. 

25. An arc of a circle is a part of the circumference, as 
AB. 

26. The diameter of a circle is a 
straight line AB, passing through the 
centre C, and dividing the circle into two 
equal parts, each of which is called a A 
semicircle. Half the diameter A C or 
CB ia called the radius. If a radius CD 
be drawn at right angles to A B, it will 
divide the semicircle into two equal parts, each of which is 
called a quadrant, or one fourth of a circle. A chord is a right 
line joining the extremities of an arc, as F E. It divides the 
circle into two unequal parts called segments. If the radii C F, 
C E be drawn, the space, hounded by these radii and the arc 
F E, will be the sector of a circle. 

27. The circumference of every circle 13 supposed to he 
divided into 360 equal parts, called degrees, and each degree 
into 60 minutes, each minute into 60 seconds, &c. Hence a 
semicircle contains 180 degrees, and a quadrant 90 degrees. 

28. The measure of an angle is an arc of 

any circle, contained between the two lines -"— ., A 

which form the angle, the angular point 
being the centre ; and it is estimated by the 
number of degrees contained in that arc: — 
thua the arc A B, the centre of which i3 C, 
is the measure of the angle A C B. If the 
angle A C B contain 42 degrees, 29 minutes, and 48 seconds, 
it is thua written 42° 29' 48". 
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■& PRACTICAL GEOMETRY. 

PROBLEMS IN PRACTICAL GEOMETRY. 
(In solving the five following problems only a pair of common compasses and 
a straight edge are required [ the problems beyond tbe firth require a scale of 
equal parts; and the two last a line of chords: all of which will be found in a 
common case of instruments.) 

Pro Tii. km I. 

-,e,- To divide a given straight line A B into two 

equal parts. 

From the centres A and B, with any radius, 
or opening of the compasses, greater than half 
A B, describe two arcs, cutting each other in C 
and D; draw CD, and it will cut AB in the 
" middle point E. 

Problem II. 

At a given distance E, to draw a straight line C D, parallel 
to a given straight line A B. 

E From any two points m and r, in 

„ , the line A B, with a distance equal to 

c — _ — ^r~^rr_ D E, describe the arcs n and s :— draw 
C D to touch these arcs, without cut- 

A — ^ * — B *' n S them, and it will be the parallel 

required. 

is well as the following one, is usually performed by an 
"1 infer. 

Problem III. 

Through a given point r, to draw a straight line CD parallel 
to a given straight line A B. 

From any point n in the line AB, with 

c -. * D the distance nr, describe the arc rm: — from 

centre r, with the same radius, describe the 
/ '\ / arc ns: — take the arc mr in the compasses, 
A«t an( j a pp]y it f rom n to s : — through r and s 

draw C D, which is the parallel required. 
Problem IV. 

From a given point P in a straight Una A B to erect a per- 
pendicular. 

1 When ike point is in or near the middle of the line. 

On each side of the point P take any two 
\C equal distances, P m, Pn; from the points 
m and n, aB centres, with any radius greater 
than P m, describe two arcs cutting each 
other in C; through C, draw C P, and it will 
be the perpendicular required. 
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PRACTICAL GEOMETRY. 

2. When the point P is at the end of the line. 

With the centre P, and any radius, de- 
scribe the arc nrs; — from the point n, 
with the same radius, turn the compasses 
twice on the arc, as at r and s : — again, 
with centres r and s, describe arcs inter- 
secting in C :— draw C P, and it will bo / 
the perpendicular required. A * 

Note. Tbis problem imd the following one are usually done with an insiru- 
ment called tie square. 

Problem V. 

From a given point C to let fall a perpendicular to a given line. 

1 When the point is nearly opposite the middle of the line. 

From C, as a centre, describe an arc to cut 1 ! 

AB in m and n ; — with centres m and n, 
and the same or any other radios, describe 

arcs intersecting in o: through C and o draw ~.^a 

C o, the perpendicular required. ~ 

2. When the point is nearly opposite the end of the line. 

From C draw any line C wi to meet B A, £ 
in any point mij — bisect C m in n, and with / ' j\ 

the centre n, and radius Cn, or mn, describe \ j 

an arc cutting B A in P. Draw C P for the 
perpendicular required. 

Problem VL 

To construct a triangle with three given right lines, any tiro 
of which must be greater than tlie tltird. (Euc, I. 22.) 

Let the three given lines be 5, 4 and 3 , n 

yards. From any scale of equal parts lay 
off the base A B = 5 yard9 ; with the 
centre A and radius A C = 4 yards, de- 
scribe an arc ; with centre B and radius . 
C B = 3 yards; describe another arc cutting the former arc in 
C:— draw AC and CB; then ABC is the triangle required. 
Problem VII. 

Given the base and perpendicular, witlt 
the place of the latter on the base, to con- C 
struct the triangle. 

Let the base AB = 7, the per- 
pendicular C D = 3, and the dis- 
tance AD = 2 chains. Make A B 
— 7 and AD = 2;— at D erect the 



6 



PRACTICAL GEOMETRY. 



perpendicular D C, which make = 3 :— draw A C and C B ; 
then A B C is the triangle required. 

Problem VIII. 
To describe a square, whose side shall be of a given length. 

Let the given line A B be three feet. 
At the end I! of the given line erect the 
perpendicular B C, (by Prob. IV. 2.) which 
make = A B : — with A and C as centres, 
and radius A B, describe arcs cutting each 
other id D: draw A D, D C, and the 
square will be completed. 

Problem IX. 

0 describe a re dangled parallelogram having a given length 




Let the length A B = 5 feet, 
and the breadth B C = 2. At B 
erect the perpendicular B C, and 
make it = 2 : — with the centre A 
and radius B C describe an arc ; and 
with centreC and radius AB describe 
another arc, cutting the former in 
D : join A D, D C to complete the rectangle. 

Problem X. 

The base and two perpendiculars being given to construct a 
trapezoid. 

Let the base A B = 6, and the 
perpendiculars A D and B C, 2 and 
3 feet respectively. Draw the per- 
pendiculars A D, D C, as given above, 
and join D C, thus completing the 
trapezoid. 

Problem XI. 

To construct a right angled triangle having a given base and 
perpendicular, and to find the hypothenuse. 

Let the base A B = G feet, and the perpen- 
dicular BC = 8, Draw B C perpendic*ir 
to A B, and join A C ; then ABC will be the 
triangle required, and A C being measured will 
be found = 10 feet. 
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Problem XII. 
Having given the base and hypothenuse to construct the right 
angled triangle, and find the perpendicular. 

(See figure to last Problem.) 
Let A B = 6 feet and A C = 10. — Draw the perpendicular 
B C indefinitely ; take A C = 10 feet in the compasses, and with 
one foot on A apply the other to C ; join A C, which completes 
the trianglej and B C will be found = 8 feet. 

EXAMPLE. 

A ladder 50 feet in length is placed with its foot 14 feet from 
a wall, the top of the ladder just reaching to the top of the wall ; 
required the height of the wall. 

Here 14 feet is the base of the right angled triangle, and 50 
feet, = length of the ladder is the hypothenuse, with which the 
triangle being constructed, as in the last Problem, the perpen- 
dicular will be found = 48 feet. 

Problem XIII. 

To divide a given angle ABC info two equal parts. 

From the centre B, with any B 
distance, describe the arc AC. y\ 
From A and C, with one and the / \ 

same radius, describe arcs inter- / \ 

sectiug in m. Draw the line B m, A* — "**C 

and it will bisect the angle as re- e 
quired. 

Problem XIV. 

To set off an angle to contain a given number of degrees. 

Let the angle be required to \*7 
contain 41 degrees. Open the 
compasses to the extent of 60° 
upon the line of chords, aud 
setting one foot upon A, with 
this extent, describe an arc cut- 
ting A B in B ; then taking the A- 
extent of 41° from the same line of chords, set it off from B to 
C ; join A C ; then B A C is the angle required. 

Problem XV. 

To measure an angle contained by two straight lines, 
(See last figure.) 

Let A B, A C contain the angle to be measured. Open the 
compasses to the extent of 60°, as before on the line of chords, 
and with this radius describe the arc B C, cutting A B 3 A C 
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produced, if necessary, iii B and C ; then extend the compasses 
from 13 to C, and this extent, applied to the line of chords, will 
reach to 41°, the required measure of the angle BAG. 

A right angle, or perpendicular, may be laid off by extending 
the arc B C, and setting off the extent of 90° thereon. Also an 
angle greater than 90° may be laid off, by still further extending 
the arc, and laying the excess of the arc above 90°, From the end 
of the 90th degree. 



Problem XVI. 
To find the centre of a circle.. 
Draw any chord A B, and by Prob. I. 
bisect it perpendicularly with C D, which 
will be a diameter. Bisect C D in the point 
0, and that will be the centre. 

Problem XVII. 
T a describe the circumference of a circle through three given 
points ABC. 

From the middle point B draw chords 
to the two other points A, C, bisect these 
chords perpendicularly by lines meetiug 
in O, which will be the centre ; then from 
the centre O, at the distance 0 A, or O B, 
or O C, describe the circle. 

jr may the centre of an arc of a circle be found. 

Problem XVIII. 
Through a given point A to draw a tangent to a given circle. 
Case I, When A is in the circumference of the circle, 
t .. .. * c From the given point A, draw A 0 to 

the centre of the circle ; then through A 
draw B C perpendicular to A O, and it will 
be the tangent as required. 
Case II. When the given point is B not in 
the circumference. 
From B draw B O to the centre of the circle ; and on B 0 
describe the semicircle B A O, cutting the circle in A : then 
through B and A draw BAG, and it will be the tangent re- 
quired. 
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Problem XIX. 

To make a regular pentagon on a given line A B. 

Make B m perpendicular and equal 
to half A B ; draw A m, and produce 
it till in it be equal to 11 m ; with centres 
A and B, and distance B n describe 
arcs intersecting in o, which will be 
the centre of the circumscribing circle : 
then with the centre o, and the same 
radius, describe the circle ; and about A B 

the circumference of it apply A B the proper number of times. 
Problem XX. 

To make a hexagon on a given line A B. 

With the distance A B, and the 
centres A and B, describe ares inter- 
secting in o ; with the same radius and 
centre o describe a circle, which will 
circumscribe the hexagon ; then apply 
the line A B sis times round the cir- 
cumference, marking out the angular 
points, and connect them with right lines. 

Problem XXI. 

To make an octagon on a given line A B. 

Erect A F and B E perpendicular 
to A B ; produce A B both ways, and 
bisect the angles m A F and 11BE 
with the lines A H and B C, each 1 
equal to A B ; draw C D and H G 
parallel to A F or B E, and each equal 
to A B ; with the distance A B, and j 
centres G and D, cross A F and B E 
in F and E : then join G F, FE, E D, 
and it is done. 

Problem XXII. 

To make any regular polygon on a 
given line A B. 

Draw A o and B o making the 
angles A and B each equal to half j 
the angle of the polygon, by Prob. 
XIV., with the centre o and distance 
o A describe a circle : then apply the 
line A B continually round the cir- 
cumference the proper number of times, and it is done. 
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Note. The angle of any polygon, of which the angles o A B and o B A are 
each one half, is found thus : divide the whole 360 degrees by (he number of 
sides, and the quotient will be the angle at the centre o ; then subtract that 
from 1HO degrees, mid the remainder will be the angle of the polygon, and is 
double of o A B or of o B A. And thus tou will find the numbers of the fol- 
lowing table, containing the degrees in the angle o, at the centre, and the 
angle of the polygon, for all the regular figures from 3 lo 12 sides. 







Angle o 
at the 


Angle 


Angle 


No of svlca. 


Name of the Polygon. 


of the 
polygon. 


o A B or 


3 


Trigon . 


120° 


60° 


30° 


4 


Tetragon 


90 


90 


45 








108 


54 


G 


Hexagon 


60 


120 


GO 


7 


Heptagon . 


5 If 


1284- 


64f 


S 


Octagon . . 


45 


135 


67 


9 


Nonngon 


40 


140 


70 


10 


Decagon 


36 


144 


72 


11 


Undecagon . 
Dodecagon 


32 TT 


IM 


73& 


12 


30 


150 


75 



Problem XXIII. 

Jn a given circle to inscribe any regular polygon ; or to divide 
the circumference into any number of equal parts. 

(See the last figure.) 

At the centre o make an angle equal to the angle at the centre 
of the polygon, as contained in the third column of the ahove 
table of polygons : then the distance A B will he one side of the 
polygon, which being earned round the circumference the proper 
number of times, will complete the figure. Or, the arc A B mil 
be one of the equal parts of the circumference. 

Problem XXII. 

About a given circle to circumscribe any regular polygon. 

Find the points m, n, p, &c, as in the 
last problem ; to which draw radii m o, 
n o, &c, to fie centre of the circle ; then 
through these points m, n, &c, and per- 
pendicular to these radii, draw the sides 
of the polygon. 

EXAMPLE. 

Let the radius of the given circle be five feet; then, having 
described a regular pentagon round it, the side of the figure 
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the centre of its i. 



■will be found = 7 feet 3J- inches. If the figure to be described 
round the same circle be a regular hexagon, its side will be 
found = 5 feet 9% inches : aud so on for any other regular 
polygons. 

Problem XXV. 

To find the centre of a given polygon, i 
scribed or circumscribed circle. 

Bisect any two sides with the per- 
pendiculars m o, no, and their intersec- 
tion will be the centre ; then with the 
centre o, and the distance o m, describe 
the inscribed circle ; or with the distance 
to one of the angles as A, describe the 
circumscribing circle. 

Problem XXVI. 

In any given triangle to inscribe a circle. 

Bisect any of two of the angles with 
the lines A o, B o ; and o will be the 
centre of the circle ; then with the 
centre o, and radius the nearest dis- 
tance to any one of the sides, describe 
the circle. 

EXAMPLE. 

Let the sides of the given triangle be 5, 4, and 3 feet ; then, 
having inscribed a circle therein, its radius will be found = 
1 foot. 

Problem XXVII. 

About a given triangle to circumscribe a circle. 

Bisect any of the two sides A B, B C, C 
with the perpendiculars m o, no,; with 
the centre o, and distance to any one of 
the angles, describe the circle. 

EXAMPLE. 

Let the sides of the given triangle be 
15, 14, and 13 fect; then having de- 
scribed a circle about it, the radius will 
be found = 8 feet 1^ inches. 

Problem XXVIII. 

In, or about, a given square to describe a circle. 

Draw the two diagonals of the square, and their inter- 
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section o will be the centre of both the 
circles : then with that centre, and the 
nearest distance to one side, describe the 
inner circle, and with the distance to one 
angle, describe the outer circle. 

EXAMPLE. 

Let the side of the given square be 3 feet : then, having de- 
scribed circles in and about it, the radius of the former will be 
found = 1-J feet, and that of the latter = 2 feet 1 A inches 
nearly. 

Problem XXIX. 



in, or about, a given circle, to describe 




the 



Note. If any quadrant, as A C, be bisected 
or the side of the octagon. 



square or a 

Draw two diameters A B, CD, perpen- 
dicular to each other; then connect their 
extremities, and that will give the inscribed 
square A C D B. Also through their ex- 
tremities draw tangents parallel to them, and 
they will form the outer square m n op. 

i, it will give one-eighth of 



In a gicen circle to i, 



>ROBLSM XXX. 

scribe a trigon, a hexagon, or a dodecagon. 
The radius of the circle ie the side 
of the hexagon ; therefore from any 
point A in the circumference, with the 
distance of the radius, describe the arc 
B O F : then is A B the side of the 
hexagon ; and therefore carrying it 
six times round will form the hexagon, 
or will divide the circumference into 
six equal parts, each containing CO 
degrees. — The second of these, C, will 
give A C tiie side of the trigon, or equilateral triangle ACE, and 
the arc A C one-third of the circumference, or 120 degrees. — 
Also the half of A B, or A n, is one-twelfth of the circumference, 
or 30 degrees, which gives the side of the dodecagon. 

Note. If tangents to the circle he drawn through all the angular points of 
.my inscribed figure, they will form the sides of a like circumscribing figure. 

EXAMPLE, 

In a circle, the radius of which is 10 feet, inscribe a trigon, a 
hexagon, and a dodecagon.' — Having measured a side of the 
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several figures, that of the trigon will be found =17 feet 4 
inches, that of the hexagon 10 feet, and that of the i 
5 feet 2 inches. 

Problem XXXI. 

In a given circle to inscribe a pentagon or a decagon. 

Draw the two diameters A. P, m n 
perpendicular to each other, and bisect 
the radius o n at q ; with the centre q 
aud the distance q A, describe the arc 
A r ; and with the centre A, and 
radius A r, describe the arc r B : then 
is A B one-fifth of the circumference ; 
aud A B carried five times over will 
form the pentagon. Also the arc A B 
bisected in a, will give A a the tenth 
part of the circumference, or the side of the decagou. 

Note. Tangents being drawn through the angular points mill form the 
circumscribing pentagon or decngon. 




In a circle, the radius of which is 10 feet, inscribe a t 
and decagon. — Having measured a side of each of the 
that of the pentagon will be found = 11 feet 9 incbes, 
of the decagon = 6 feet 2 inches. 

Problem XXXII. 

To make a Mangle similar to a given triangle ABC. 

Make a B equal to the base of the required 
triangle ; through a draw a c parallel to A C : 
then a B c is the triangle required. 

EXAMPLE. 

Let A B = 12, A C = 15 and B C = 9 
feet ; and the side a B of the required tri- ^ 
angle = 8 feet. — Then having drawn a e 
parallel to A C, the side ac will be found = 10, and B c 
Problem XXXIII. 

To make a figure similar to any 
other given figure A B C D E. 

From any angle A draw diagonals 
to the other angles ; take A 6 a side 
of the figure required ; then draw S c 
parallel to B C, and c d to C D, and 
rfetoDE, &c. 



figures, 
" that 
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Problem XXXIV. 

To make a square equal to two given 
squares P and Q. 

Set two sides A B, B C, of the given 
squares, perpendicular to each other ; 
join their extremities A C ; so shall the 
squars* R, constructed on A C, be equal 
to the two P and Q taken together. 
(Euc. L, 47.) 

Problem XXXV. 

equal to the difference between two given 



To make a square 
squares, P, R. 

(See the last figure.) 

On the side A C of the greater square, as a diameter, describe 
a semicircle ; in which apply A B the side of the less square ; 
join B C, aud.it will be the side of a square equal to the differ- 
ence between the two P and R as required. 

Problem XXXVI. 
To make a square equal to the sum of any number of squares 
taken together. 

Draw two indefinite lines A m, A n, perpendicular to each 
other at the point A. On the one of these set off A B the side 
a of one of the given squares, and on the other 
A C the side of another of them ; join B C, 
and it will be the side of a square equal to the 
two together. Then take A D equal to B C, 
and A E equal to the side of the third given 
square. So shall D E be the side of a square 
equal to the sum of the three given squares. — 
m D B A And so on continually, always setting more sides 
of the given squares on the line A n, and the sides of the suc- 
cessive sums on the other line A m. 




Problem XXXVII. 

To construct a figure resembling an ellipse, by < 



from four centres. 

On a Hue F /, of convenient length, describe two equilateral 
triangles F P f, F p f; prolong the sides of the triangles ; 
join P p, as shown in the figure'. With centres P, p and 
radius P H = p h describe the arcs H I, h i, meeting the 
prolonged sides of the triangles, and such that the diameter C D 
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may be equal to the required 
width of the figure ; with 
centres', V,f and radius II F 
= I / = &c., describe the 
arcs H A A, I i, and the 
figure will be completed. 

Note. If the longer diameter 
A B be not obtained of the re- 
quired length by the above opera- 
tion, the triangles F P /, F p f 





or made isosceles, till by trials the 
proper dimension! are obtained. — This method of drawing the ellipse is prac- 
tised by the picture-frame makers. 

Problem XXXVIII. 

To describe a true ellipse. 

Let T R be the trans- 
verse, C 0 the conjugate, 
and c the centre. With 
the radius T c and centre 
C, describe an arc cutting 
T R in the points F /; 
which nre called the two 
foci of the ellipse. 

Assume any point P in 
the transverse ; then with 

the radii P T, P R, and centres F, f, describe two arcs inter- 
secting in I ; which will be a point in the curve of the ellipse. 

And thus, by assuming a number of points P in the trans- 
verse, there will he found as many points in the curve as you 
please. Then, with a steady hand, draw the curve through all 
these points. 

OTHERWISE, — WITH A THREAD, 

Take a thread of the length of the transverse, T R, and fasten 
its ends with two pins in the fociF.y. Then stretch the thread, 
and it will reach to I in the curve ; and by moving a pencil 
round, within the thread, keeping it always stretched, it will 
trace out the ellipse. 

Problem XXXIX, 
To describe or construct a parabola. 

V P being an absciss, and P Q its given ordinate ; bisect 
P Q in A, join A V, and draw A B perpendicular to it ; 
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then transfer P B to V F and 
V C in the axis produced. So 
shall F be what is called the 
focus. 

Draw several double ordinate3 
SKS &c, perpendicular to V P. 
Then with the radii C R, &e. and 
the centre Fj describe arcs cut- 
ting the corresponding ordinates 
in the points S &c. Then draw 
the curve through all the points 
8 &c. 



To construct or describe an hyperbola. 

Let D be the centre of the 
hyperbola, or the middle of 
the transverse A B ; and B C 
perpendicular to A B, and 
equal to half the conjugate. 

With centre D, and radius 
D C, describe an arc, meet- 
ing A B produced in F and f, 
which are the two focus points 
of the hyperbola. 
Then assuming several points E in the transverse produced, 
with the radii A E, B E, and the centres f, F, describe arcs 
intersecting in the several points G; through all which points 
draw the hyperbolic curve. 




GEOMETRICAL THEOREMS. 
{Necessary to be known by Beginners.) 
E Theorem I. 




Angles vertically opposite are equal : — 
u thus the angle AGE = angle H G B, 
D mid E G B = A G H. (Euc. I. 15.) 



F Theorem II. 
(See last figure.) 
A right line E F cutting two parallel right lines A B, C D. 
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makes the alternate angle equal, Sfc. : thus the angles AGH, 
G E D are equal ; also the exterior angle £ G B is equal to the 
interior and opposite BED. (Euc. I. 29.) 

Theorem HI. 
The greatest aide of every triangle is opposite the greatest 
angle. (Euc. I. 18.) 

Theorem IV. 
'- ; Let the side of A B the triangle A B C be 

produced to D, the exterior angle C B D 
is equal to the interior angles at A and C ; 
also the three interior angles of the triangle 
are equal to two right angles. (Euc. I. 32.) 
Whence any two angles of a. triangle being given the third he- 
comes known. 

Theorem V. 
(See figure to Definition 11.) 

Let A B C be a right angled triangle, having a right angle at 
B ; then, the square on the side A C ts equal to the sum of the 
square on the sides A B, B C. (Euc. I. 47.) Whence any two 
sides of a right angled triangle being given the third becomes 
ltnown. 

Theorem VI. 

In any triangle A B C, let D E be 
drawn parallel to one of its sides, C B ; 
then, A B is fo A E as B C w fo DE; 
and the triangles are said to be similar. 
(Euc. VI. 2.) 
Theorem VII. 
(See last figure. 1 ) 
Let A B C, A E D be similar triangles ; then, the triangle 
A H C is to the triangle A E 1) as the square A Bis to the square 
of A E : that is, similar triangles are to one another in the 
duplicate ratio of their homologous sides. (Euc. VI. 19.) 

Theorem VIII. 
All similar figures are to one another as the squares of their 
homologous, or like, sides. (Euc. III. 20.) 

Theorem IX. 

All similar solids are to one another as the cubes of their like 
linear dimensions. (Euc. VI. 24.) 





Ngitlzed by Google 



18 



PRACTICAL GEOMETRY. 



EXPLANATION OF THE PRINCIPAL MATHEMATICAL 
CHARACTERS USED IN THIS WORK. 

The sign for equality = is read " eqnal ;" thus 12 inches = 
1 foot. 

The sign for addition + is read "plus or more thus 2 + 3 
= 5.a + &, &c. 

The sign for subtraction — is read "minus or less;" thus 
5 — 2 = 3, a - b, &c. 

The sign for multiplication x is read "into;" thus 5x3 
= 15, a X 6, or a b, &c. 

The sign for division -¥■ is read "by j" thus 15 -i- 3 = 5, or 



The signs for proportion, as : ; : : " as, is to, so is, to ;" 
thus as 2 ; 5 : : 8 : 20, or as a : b : : c : d, the fourth 
number being found by multiplying the second by the third, 

and dividing the first, or - = 20, and ~ = d. 
The signs ( ) or ^ | , is called vi.nci.dam or brace : 

thus (5 + 4) x 2=0 X 2 = 18, or 5 + 41 2 = 18, {a + b, 
X e, or a + £™1 c, &c. 

The signs 9 , 3 , &c, placed above a quantity, represent re- 
spectively the square, cube, &c, of that quantity ; thus 5 2 = 
5 X 5 = 25, 5 s = 125, 3~+Ti 3 = 7 2 = 49, 4 (5 + 3) H = 
4 X 8 2 = 256 ; and a 3 and a 3 represent the square and cube 
of a, also (a + b)~ c 3 signifies that the square of the sum of a 
and 6 is to be multiplied by the cube of c, &c. 

The sign or «y placed before a quantity, or placed above 
re presents t he square root of th at quantity ; thus ^36 = 6, 
\/9 X 16 = 12, and VaXfiorVaS signifies the square 
root of the product of a and b, &c. 

The sign V placed before a quantity, or % placed above it, 
denotes the cube root of that quantity ; thus 

V 12 x 2 x 3 - 8. or ^(12 X 2x3-8) = </72 - 8 = 

64 = 4, Ve { (a + bf - e d) denotes the cube root of the 
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difference of the square of the sum of a and 8 and the product 
of c and d multiplied into e. Also, the value of 
V'e{(a + b)* — cd}, when « = 2, b = 7, e = 5, d = 9, and 
e = 6 is l/l { (2 + 7) a — 5 x 9} = V 6 ( 81 ~ 45 ) = 
^6 X 36 = ^/ 216 = 6. 



PART II. 

MENSURATION OF LINES. 

The Mensuration of Lines is applied to find the lengths of 
straight or curved lines, from the given lengths of other lines, 
on which these straight or curved lines depend. 

TABLE OF LINEAL MEASURE. 

Inches. Feet. 
12 1 

36 3 

198 16| 

7920 660 

63360 5280 

7f» = 7-92 inches = 1 link. 
22 yards = 4 poles = 1 chain of 100 links. 
69i English miles = 60 geographical miles = 1 degree. 

Problem I. 

To find one side of a right angled triangle, having the other 
two sides given. 

The square of the hypothenuse is equal to both the squares of 
the two legs. (Euc. I. 47.) Therefore, 

Rule I. — To find the hypothenuse ; add the squares of the 
two legs together, and extract the square root of the sum. 

Rule II. — To rind one leg ; subtract the square of the other 
leg from the square of the hypothenuse, and extract the square 
root of the difference. 



Yards. 
1 

220 
1760 



Lt.I IZ'-U b / 



so 
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j c Let A B C be a triangle, right angled at B ; 

then by Theorem V. page 17, we shall have 
the following 

Formula. 
Put the base A B = 6, the perpendicular B C 
A B ~ P> and the hypothenuse A C = A; then 

A = V&TW, b = »/ A 2 — p 3 , and p = ^/l^—jK 

EXAMPLE. 

1 . Required the hypothenuse of a right angled triangle, the 
base of which is 40 and the perpendicular 30 feet. 

By Rule I. By first Formula. 

40 30 v^O 3 + 30* = 50 = A C. 

40 30 

1C00 900 
900 

2500 (50 = hypothenuse A C. 

25 




00 

Note. The student ought to solve this and all the following examples by 
geometrical construction, as in Problems XI. and XI [., Part I. — Thus ; make 
A B = 40 feet ; draw IS C = 30 feet perpendicular to A 11, and join A C ; 
then A C, being measured, will be found to be 50 feet. 

The construction of example 2, will be as follows. Make A B = 56 feet, 
and perpendicular thereto draw B C indefinitely ; take A C = 65 in the com. 
passes, and with one foot on A apply the other foot to C ; then B C, being 
measured will be found to be 33 feet. 

Remark. The triangle A U C, being for the purpose of illustrating the Pro- 
blem generally, ia not drawn to correspond to any of the dimensions given in 
the examples. 

2. What is the perpendicular of a right angled triangle, whose 
base A B is 5fi, and the hypothenuse A C 65 feet ? 



56 


65 


56 


65 


336 
280 


390 


3136 


4225 



3136 

1089 (33 feet = perpendicular B C. 



63) 189 
189 
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3. A ladder is to be placed so as to reach the top of a wall 
33J feet high, and the foot of the ladder cannot be placed nearer 
the wall than 18 feet ; what must be the length of the ladder? 

Ana. 38i feet. 

4. The side of a square is 100 yards ; what is the length of 
its diagonal 1 Ana. 141*4 yards. 

5. A line of 320 feet will reach from the top of a precipice, 
standing close by the side of a river, to the opposite bank : re- 
quired the breadth of the river ; the height of the precipice being 
103 feet. Am. 302 97 feet. 

6. A ladder of 50 feet long being placed in a street, reached 
a window 28 feet from the ground on one side ; and by turning 
the ladder over, without removing the foot out of its place, it 
touched a moulding 36 feet high on the other side : required the 
breadth -of the street. Am. 76'123 feet. 

7. The width of a house is 48 feet, and the height of ridge 
above the side walls 10 feet; required the length of one of the 
rafters. 

In the annexed figure A B is the 
C width of the house, or length of 

the tie-beam of the rafters A C, 
B C ; and CD the height of the 
B ridge or length of the king-post ; 
and since D is the middle point of 
A B, we shall have A D = £ A B 
= 24 feet. "Whence by the first formula ; 

AC— v/ A D- + C D 2 = ^/24 z + 10* = = 26 feet, 

the required length of one of the rafters. 

8. Required the height of an" equilateral triangle, the side of 
which is 10 feet. Ans. 8 feet 8 in. nearly. 

9. The base of an isosceles triangle is 25 feet, and its two sides 
are each 32 \ feet ; required the perpendicular. Ans. 30 feet. 

10. The diagonal of a square is 10 yards, required the length 
of one of its sides. ■ Ans. 7 yds. 0 feet 2\ in. 

11. A ladder, standing upright against a wall 100 feet high, 
was pulled out at the foot 10 feet from the wall ; how far did the 
top of the ladder fall 1 Ana 6 inches nearly. 

12. The upright axle of the horse-wheel of a thrashing 
machine is placed with its centre 3£ yards from a wall ; but the 
shafts of the axle are 5 yards in length, measured from the cen- 
tre : how much of the wall must be removed to admit it to revolve ? 

Ana. 7 yds. 0 ft. 5 t». 
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Problem II. 

Having given any two of the dimensions of the figure ABC, 
and one of the corresponding dimensions of a similar figure a be, to 
find the other corresponding dimension of the last figure. 
C 

Rule. — Let ABC, 
a b c bo two similar 
triangles, then by The- 
orem VI., page 17. 



AB:BC::ai:«e, oroi : At :: AB : BC. 
The same proportion holds with respect to the similar lineal 
parts of any other similar figures, whether plane or solid.- 

examples. 

1 . The shadow of a cane 4 feet long, set perpendicularly, is 
5 feet, at the same time that the shadow of a lofty tree was 
found to be 83 feet; required the height of the tree, both 
shadows being on level ground. 

Let b c be the cane, and B C the tree, their shadows being 
respectively represented by a b and A B : the upper extremities 
of the cane and tree being joined with the extremities of their 
shadows, giving the parallel lines a c, A C for the directions of 
the sun's rays, and thus constituting similar triangles a be, 
ABC : whence ab : be : : AB : BC, 
that is 5 : 4 : ; 83 : 66$ 
4 

5)332 

66^ feet = BC, the height 

of the tree. 

2. The side of a square is 5 feet, and its diagonal 7'071 feet, 
what will he the side of a square, the diagonal of which is 4 feet. ? 

Ans. 2 ft. 10 in. nearly. 

3. In the ground plan of a building 120 feet long and 50 
broad, the length, as laid down, is 10 inches; what must be its 
breadth ? Ans. 4£ inches. 

4. The scale of the Ordnance survey of Ireland is 6 inches to 
1 mile, what length of paper will be sufficient for the map of that 
country, its length being 300 miles? Ans. 50 yards. 
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5. The length of the shadow of the Monument (London) is 
151£ feet, while the shadow of a post 4 feet high, is 3 feet; 
required the height of the Monument. Ans, 202 feet. 

Problem III. 

The two sides and the base of a triangle (A B C) are given to 
find the perpendicular (CD). 

Role. — The segments of the hase AD, DC must be first 
found. Let B C be the greater of the two sides, then B. D will 
C he the greater of the two seg- 

ments. Then, as the base AB 
is to the sum of the sides BC + 
CA, so is the difference of the 
sides B C — C A to the difference 
of the segments of the hase B D 
— DA. Half this difference, 
being added to and subtracted from half the base A B, will give 
respectively the segments B D, DA; though only one of the seg- 
ments is required to be found. Now, either of the sides audits 
adjacent segments constitute a right angled triangle, whence the 
perpendicular CD may be found by Rule II., Prob. I. 

Put AB=a, BC = i and C A = e ; then from the propor- 
tion in the Rule 

BP — DA = ^ - ; whence 
a 

1. The three sides of a triangle are 42, 40, and 26 feet ; re- 
quired the perpendicular on the longest side. 
By the Rule 

AB : BC + CA :: BC — CA : B D — DA, that is, 
42 : 66 : : 14 : 22, and 
£ (42 — 22) = IOJeet = AD 
Or by the last Formula 

DA= t ( 42 _l?=») = 10feet, 

and CD = ,/A C — DA' = ^/2&— 10» = 24 feet. 
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2. The base of a triangle is 30, and the two sides 25 and 35 ; 
required the perpendicular. Ana. 24 feet 6 in. nearly. 

3, A house 21 feet in width, has a roof with unequal slopes, 
the lengths of which, from the eaves to the ridge, are 20 and 13 
feet ; required the height of the ridge above the eaves. 

Ana. 12 feet. 

Note. All tlie preceding examples may be readily solved by construction, 
by first laying down the triangles, as in Prob. VI., Practical Geometry, and 
then letting fall the perpendicular, as in Prob. V. 

Problem IV. 

The aide AH of a regular polygon being given to find the radii 
0 C and 0 A of its inscribed and circumscribed circles. 

Rule. — Multiply the side of the polygon by the number op- 
posite its name in the following Table, in the column headed 
"Bad. Inscribed Circle," or in that headed "Bad. Circumsc. 
Circle," accordingly as the one or the other radius may be re- 
quired. 

Formulae. 
Let r and It be the radii of the in- 
scribed and circumscribed circles respec- 
tively, q and p their respective tabular 
radii, and I = side of the polygon ; 
then r = lq, and R = Ip ; also 



TABLE OF POLYGONS. 



Ho. 

of 
Sides. 


Name. 


Rad. 
Inscribed 
Circle. 


Rad. 
Circnms. 
Circle. 




3 


Trigon or equi-triangle . 


-2387 


■5773 


•4330 


4 


Tetragon or square . . 


•500O 


■7071 


1-0000 


5 


Pentagon 


•6882 


-8506 


1-7203 


6 


Hexagon 


•8660 


1 -oooo 


2-5981 


7 


Heptagon 


1-0383 


11524 


3-6339 


8 


Octagon 


1-2071 


1-3066 


4-8284 


9 


Nonangon 


1-3737 


1-4619 


6-1818 


10 


Decagon 


1-5388 


1-6180 


7-6942 


11 


Undecagon .... 


1-7028 


1-7747 


9-3656 


12 


Dodecagon .... 


1-8660 


1-9319 


11-1962 
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EXAMPLES. 

1. The side of a regular pentagon is 5 feet 1 inch, what are 
the radii of its circumscribed and inscribed circles ? 

Ana. 4 ft. 3'7 in., and nearly 3 ft. 6 in. 

2. The,side of an octagonal grass plot is 203 J yards, and four 
walks are made therein, joining the middle of each of the op- 
posite sides ; required the united length of the four walks. 

Ans. 1998 yards. 

3. A circular grass plot of 50 yards diameter is to be com- 
passed by a regular octagonal iron pailing, and the eight spaces, 
between the grass plot and the pailing, to be planted with 
shrubs; required the whole length of the pailing, and the greatest 
width of each of the eight spaces. 

Problem V. 

To Jind the diameter and circumference of a circle, the one 
from the other. 

Rule I. — As 7 is to 22, so is the diameter to the circum- 
ference. 

As 22 is to 7, so is the circumference to the diameter. 
Rule II. — As 1 is to 31416, so is the diameter to the cir- 
cumference. 

As 31416 is to 1, so is the circumference to the diameter. 

FOfiMUL*. 

Let d = diameter, e = circumference, andn- = 3-1416;* then 
c = dit, and d =~> 

EXAMPLES. 

1. To find the circumference of a circle, whose diameter is 10. 
By Rule 1. ■ 

7 : 22 : : 10 : 31-f 



7 ) 220 

or 31-42857 Ans 

* The true circumference of a circle, the diameter of which is unify, is 
3-14159265358079, &c." This number has been determined by Maeliin to 100 
places of decimals, by others to still more ; but these results are more curious 
than useful, since the first four or ftve decimals are quite sufficient for aU 
practical purposes. 
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By Rule II. or first Formula c = dx = 31-416, which is 
nearer the truth. 

2. To find the diameter when the circumference is 50 feet. 
By Rule I. 

22 : 7 : : 50 : ' = ~ = 15}; =15-9090 Ans. 

By Rule II. or second Formula d = £ = 15-9156 feet. 

3. If the diameter of the earth he 7958 miles, as it is very 
nearly, what is the circumference, supposing it to be exactly 
round? Jus. 25000'8528 miles. 

4. To find the diameter of the globe of the earth, supposing 
its circumference to he 25000 miles. Ant. 7257f nearby. 

5. Required the diameter of a coach wheel, that turns round 
500 times in travelling a mile. Ans. 3 ft. 5'05 in. 

6. The driving wheel of a locomotive engine is 6 feet in 
diameter, how often does it turn in a second, when travelling at 
the rate of 60 miles in an hour ? Ans. 4| times nearly. 

Prohlem VI. 

Tke chord (B E) and the height or versed sine (C D) of an 
are (B C E) of a circle being given to find the diameter (A C) 
and the chord of half the arc (B C). 

Rule. — Divide the square of half the chord B E, by the 
height C D ; to the quotient add C D, and the snm will be the 
diameter A C ; half of which is the radius B O or C O. 

The chord B C of half the arc is found by Prob. I. 



Put C = £ chord of the whole arc = 
JBE = FD,t = chord of £ the arc = 
BC, » = height or versed sine = C D 
and d = diameter A C ; then 

tf= (1), c= ✓C* + ^ (2). 

Also d=~(3),v~(4),c = y/di&). 



The chord of an arc is 48 feet, and its height 1 8 ; required the 
diameter of the circle of which the arc is a part. 
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By the Rule 24 = £ B E = B P 

24 

C D= 18)576 
32 

IS = C D 

50 feet = AC. 
whence the radius B O = 25 feet. 

2. -The span (chord) of the iron arch of Sunderland bridge 
is 240 feet, and the rise (height) of the crowns of the arch 
34 feet: with what radius was the arch drawn? 

By Formula (1). 

120 s 

The diameter = ~T7~+ 34= 440-41 feet. 

whence the required radius = 440-41 2 = 220-205 = 220 
feet 2£ inches. 

3. On a parliamentary map of 4 chains to an inch, the chord of 
a railway curve measured 40 inches, and its height 5 inches, re. 
quired the radius of the curye both on the map and on the ground. 

20 2 

The diameter = ■—- + 5 = 85 inches, whence 

the radius = 85 -*- 2 = 42£ inches on the map. 

And, since the scale of the map is 4 chains to an inch, we 
shall have 42$ x 4 = 170 chains = 2£ miles, the radius of the 
curre on the ground. 

4. The chord of the whole are is 48 feet, and its height 7 ; 
required the chord of half the arc. 

By Formulse (2). 
c = ,/C 3 + «* = ^24* +■ 7 3 = 25 feet, the required chord. 

5. The chord of half the Arc 0 f a bridge is 24 feet, and the 
rise of the crown of the arc 1 6 feet ; required the radius of the 
circle of which the arch is a part. 

Am. By formula (3) the diameter is found = 36 feet, whence 
the required radius is 18 feet. 

6. A circular grass plot of 1 00 yards diameter is cut by a walk 
through the centre, this walk is cut at right angles by another 
walk through the middle of the radius ; required the length of 
the last named walk. 

By transposing formula (1) C = y' t> {d—v) = V 2 5 (100— 25) 
= 43-3 yards the double of 'which is the length of the walk. — 
The same result may be obtained from the right angled tri- 
angle B D O. 
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7. The rise of the circular arch of a bridge is 12 feet and the 
radius of the whole circle is 100 feet; required the distance 
from the spring of the arch to the crown, viz., the chord of 
half the arch. Ann. 49 feet nearly. 

Problem VII. 
To find the length of any arc of a circle. 

Case I. — When the degrees in the arc and the radius are given. 

Rule I. — As 180° is to the number of degrees in the arc, so 
is 3'1416 times the radius to its length. 

Case II. — When the chord of half and the whole arc are given. 

Rule II. — From 8 times the chord of half the arc subtract 
the chord of the whole arc, and take % of the remainder for the 
length of the arc nearly. 

formulae. (See last figure.) 
Put r = radius B O, A = 1 80°, « = degrees in the arc B E, 
and n-= 3 - 14I6, and / = length of the arc; then 
rfiTr lA 
I — —j and r = t — 

EXAMPLES. 

1 . To find the length of an arc of 30 degrees, the radius being 
D feet. 

By Rule I. 3-1416 



180 : 30 : : 28-2744 : 47124 feet. 
w „ « , , 9x30x3-1416 3x3 1416 
By first Formula I = y&q = 2 =4-7124 

2. The length of the arc of a circle of 30 degrees is 9 feet 
5 inches, required its radius. 

Ans. By the second formula, IS feet nearly. 

3. The chord B E of the whole arc being 4 65374 feet, and 
the chord* C of the half arc 2 34947; required the length of 
the arc. 

By Rule II, 2"34947 



18-79576 
4-65874 



3)14- 13702 
Ant. 4-71234/Mf. 
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3. Required the length of an arc of 12 degrees 10 minutes, or 
12^- degrees, the radius heing 10 feet. 

By Rule I., 2-1234 feet, Am. 

4. Required the length of the iron arch, in example 2, 
Prob. VI. 

First, the chord of £ the arch, or distance from spring to 
crown, by Formula 2, Prob. VI., will be found 124-724 feet. 
'Whence, by Rule II. of- this Problem, we shall have the re- 
quired length of the arch = 252 feet 7 inches. 

5. Find the length of one of the arcs of the six equal seg- 
ments of an iron girder, the whole span of the arch being 120 
feet, and the radius 180: Ans. 20 feet 4-67 inches. 

Rule III. is not sufficiently accurate for finding the length of 
the ore, when it is greater than £ of the circumference of the 
circle: in such cases, (see figure to Prob. VI.) the chord of J 
of the are B C E = chord of £ the arc B C (not shown in the 
figure) must he found by the formula. 

. Chord of \ of arc B C E'= % d (d — ^ & — «")• 

in which d and c are the same as in Prob. VI. ; after which Rule 
II. may be applied with sufficient accuracy to find the length 
of the -j- arc B C, which, being doubled, will give the whole 
length B C E. 

6. Required the length of a circular iron girder, the span 
(B E) of which is 48 feet, and the rise (C D) at the crown 
18 feet. 

By Formula 1 and 2, Problem VI., d = A C is found = 50 
feet, and c = BC = 30; whence, by the formula just given, 
the chord of £ of arc B C E = V25 (50— V'M' 2 ~ 30 2 ) =- 
15-8113, and by Rule II., (15-8113 x 8 — 30) -f- 3 = 32-1635 
feet = arc B C, the double of which is 64-3270 feet = the re- 
quired length of the arch B C E. But by using Rule II., 
without the above formula, the length of the arch is found to 
be 64 feet, or nearly 4 inches short of its more accurate length, 
as previously found. 

Note. The true method of finding the length of an arc of a circle is to find 
the natural sine of the angle BOD (figure to Prob. VI.) and its corresponding 
unrnber of degrees, minutes, &c, which, heing donbled, give the angular mea- 
sure of the whole arc B C E ; whence the length of the arc may be accurately 
found by Rule I. But (he first part of this operation is the province of Tri- 
gonometry ; moreover, sufficient accuracy for all practical purposes may he 
obtained by Rule II. for arcs less than a quadrant ; and like accuracy may be 
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secured by means of the formula used in Example 6, in cases where the tic 
approaches near to a semicircle. 

Remark.— When the arc is greater than a semicircle, the remaining part of 
the circumference must be found by Rule IL, with the help of the formula 
used in Example 6, if necessary. This remark does not apply to cases where 
the degrees of the arc are given, which are solved by Hule I. 

Problem VIII. 
To find the diameter- of a circular zone, its two parallel chords 
A B, CD, and its breadth E F, being given. 

K This and the following Problems 

may be omitted by the student, as not 
being much required in practice. 





r'. "• b 






\ 





FORMULA. 

Let C and c be the half chords 
C F and A E respectively, b the 
breadth E F, and d the diameter 
K L = twice radius 0 B ; then 



Gil 



Also A C = B D = *J (j 3 + c _ c )i and 



EXAMPLES. 

1. The parallel sides of a circular zone are Gand 8 feet, and 
its breadth 7 feet ; required the diameter of the circle. 

By the first Formulte the diameter 
d= j j> + 2 (4= + 3=) + (^p-) 1 } = V 49 + 50 + 1 - 10 ft. 

2. Find the chord BD and the height GH of the zone in 
the preceding Example. 

Here, the diameter d is first found, as above ; then by the 
second and third Formula, 

B D = V (7 2 + 4 — 3 a ) = V49 + 1 = 7 07 feet, and 
GH = 4 10-i ^{(4 + S)* + (f=-J^ a }='5-i V49TT= 1-465 ft. 

3. The parallel chords of a zone are the. same as in the Ex- 
ample 1, and its breadth 1 foot ; required the diameter. 

Am. 14/w*. 
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4. The two parallel chords of a circular zone arc 16 and 12 
feet, and the diameter of the circle 20 feet ; required the breadth 
of the zone. . Ans. 14 feet. 

Note. 1 . The breadth of the jotie, in this example, is found by squaring and 



which 



e value of b is found. 



Notb 2. When the chord BD=AC, and the height G II have been found, 
the lengths of the equal ana A C, B D are found by the Prob. VII. 



In an ellipse are given any three of the four following parts to 
find the fourth, vis. the transverse axis T It, the conjugate axis 
C 0, the abscissa H Q, and the ordinate P Q. 




Put a = semitransvcrse = H R, b = semiconjugate = 
x = abscissa = H Q, and y — ordinate = P Q ; then 
a b 

x = - v & — y~> y = - Va a 

b a 
a = _ j± '. and b = 

Also the focial distance from 
the centre. 

EXAMPLES. 

, The transverse axis is 30, the conjugate 20, and the 
" i 3 feet. 
By the second formula, 

P Q = y = f$ *f\5* — 3 1 = 9-798 feet. 

2. The transverse TR= 70 feet, the conjugate C O = 50, 
and the ordinate P Q = 20 ; required the abscissa H Q. 

Ana. By the first formula, HQ = 21 feet. 

3. The transverse is 180 inches, the ordinate 16, and the 
abscissa 54 ; required the conjugate. 

Ans. By the fourth formula, the conjugate = 40 inches. 

4. If the conjugate be 50 feet, the ordinate 20, and the 
abscissa 21 ; what is the transverse? 

Ans. By the third formula, the transverse = 70 feet. 
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5. The transverse TR= 100 yards, and the conjugate C 0 
— GO ; required the distance of the foci F f from the centre H. 

Ans. By th.e last formula, H F = H /= 40 yards. 

6. The ratio of the major and minor axes of the earth's 
orbit is aa 1 to n, the former being about 190,000,000 milea 
= 2b, How much is the earth nearer to the sun in winter than 
in summer? 

Ans. The distance here required is twice the focial distance 
from the centre of the eart h's ellip tical orbit, which, by the last 
formula is found to be 2 a sj 1 — «s. 

7. Required the distance of the foci of an elliptical section, 
passing through the poles of the earth, the earth's axes being 
71)26 and 7899 miles. 

Ana. G54 miles, or 327 miles each from the earth's centre. 

Problem X. 

The axes of an ellipse are given to find its circumference. 

Rule I. — Multiply half the sum of the two axes by 3-1416, 
and the product will give an approximate length of the circum- 
ference, which icill be found near enough for most practical 
purposes. 

Rule II. — To half the sum of the two axes add the square 
root of half the sum of their squares, and multiply half the sum 
by 3'1416 for the circumference very nearly. 

formula (see last figure). 
Let 2 a and 2 b represent the axes, as in the last problem, 
and w = 31416; then, 

Circumf. = «- (a + b), or = \ v (a + b + *J 2 (a 2 + A 3 )). 

EXAMPLES. 

1. The axes of an ellipse are 15 and 10 feet; required the cir- 
cumference by Rule I. 

Ans. 39 feet 3 inches. 

2. The axes being the same as in the last example; required 
the circumference by Rule II. 

Ans. 39 feet 8 inches nearly. 

3. Find the meridional circumference of the earth, the axes 
being as given in the last example of Prob. IX. 

Ans. 24,858 miles nearly. 
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Problem XI. 

In a parabola I V H, the focus of which is F, any two of the 
three following parts, viz., the parameter P Q, the abscissa V G, 
and the ordinate G II being given, to find the third part. 

FORMULA. 

Put P Q = parameter = p, V G = 
abscissa — x, and CH = ordinate = y ; 
then 

x —- , y = Vp x, m&p 
V * 

EXAMPLES. 

1 . The parameter P Q of a parabola is 50, and its ordinate 
G H = 60 feet, required the abscissa V G. 

Am. By the first formula i = GH = = 72.* 

2. The parameter of a parabola ia 10, and its ordinate 4; 
required the abscissa. Ans. 1*6. 

3. The abscissa of a parabola is 4, and its corresponding 
ordinate 10 ; required the parameter. Ans. 25. 

Problem XII. 
To find the length of the arc of a parabola, its ordinate and 
abscissa being given. (See last figure.) 

FORMULA. 

Let x and y represent the same parts, as in the last Proh.cm j 
then The £ arc V H = *J\ + y 3 nearly 

EXAMPLES. 

1 . Required the half arc V Q of a parabola, V F being = 3 
feet, and F Q = 6. 

Ans. V Q = y/t 3 3 + fi3 = G f eei \ [i inches _ 

2. The abscissa is 2, and the ordinate G ; required the length 
of the half arc of the parabola! Ans. 6.4291. 

Note. 1. The parabola is the path of projectiles in vacuo ; it is also used 
in the astronomical theory of comets. 

Hqte 2. The student who wishes for further information concerning this 
curve, as well as concerning the ellipse and hyperbola, may consult the various 
works On conic sections. 
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PART III. 

MENSURATION OF SUPERFICIES OR SURFACES. 
The area of any surface is estimated by the number of squares 
in that surface, without regard to its thickness ; the side of those 
squares being one inch, one foot, one yard, &c. Hence the area is 
said to be so many square inches, or square feet, or square yards, &e. 
A TABLE OF SQUARE MEASURE. 



q. Inches. 


Sq. Feet. 








144 














Sq. Yards 
1 






1,296 


9 












Sq. Poles. 
1 




39,204 


272} 


30} 












Sq. Rods 




1,089 


1,210 


40 


1 




43,560 


4,480 


160 


. 4 






3,097,600 


102,400 


2,560 



e a square, 



Problem I. 
e area of a parallelogram ; w/iethei 
a rectangle, a rhombus, or a rhomboid. 

Rule. — Multiply the length by the breadth or perpendicular 
height, and the product will be the area. 

FORMTJLJB. 

7 Let I = length of the figure, b = 

its breadth, and A = its area {which 
also represents the areas in all the 
following Problems); then 

A A 
A. — lb, also I — — , and 5 = — . 

I I 
When the figure is a square, then 
the length is equal to the breadth, 
which put — * — side of the square ; 
then 

A = s 2 , and * = A. 

EXAMPLES. 

1. The length of a rectangular board is 7 feet, and its breadth 
4 feet ; required its area iu square feet. (See first figure.) 

By the Rule. 7 x 4 = 28 square feet, the area required. 

2. The side of a square is 18 inches; required its area in 
square feet. (See last figure.) 
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144^ 
1 12 



2£ square feet, the area required. 

3. Find the area of a rhombus, the length of which is 6'2 feet, 
and its perpendicular hreadth 5-45. (See second figure.) 

Ans. 33"79 — 334 square feet nearly. 

feet, in. 

4. The length of a table is 7 feet 8 inches, 7 8 
and its breadth 3 feet 10 inches; required its 3 10 
area. 

23 0 

Here the operation is performed by duo- 6 4 8 

decimals, and the area is found to be 29 square 

feet, 4 inches or 12ths, and 8 parts or -^ths, 29 4 8 

5. What length must be cut off a rectangular board, the 
breadth of which is 9 inches, to make a square yard? 

A square yard contains 1296 square inches, whence by the 
second formula. ' 

9)1296 

144 inches = 12 feet, the iength required. 

6. How many square feet of deal will make a box 6 feet long, 
» broad, and 2 feet 8 inches deep? 

Ans. 1 16 square feet 2' 8". 

7. How many square yards are contained in a floor 23 feet 
long 14£ feet wide? Ans. 37,V square yards. 

8. The base of the largest Egyptian pyramid is a square, the 
side of which is 693 feet; required the number of acres it 
occupies. Ans. Ma. Or. 4p. 

9. A square court yard is 42 feet long, and 23 feet lO-J- inches 
broad ; what did it cost paving at 4s. lOd. per square yard. 

Ans. £26 18*. 6$d. 

10. Required the side of a square, the area of which is 500 
square feet. 

By the fourth formula s = side of the square = •/ A, that is 
.a = V 500 = 22-3607 feet = 22 feet A\ inches nearly. 

11. 'What is the side of a square the area of which is an 
acre? Ans. G9'C yards nearly. 

12. A square in a city contains 6£ acres of ground, required 
the side of the square. Ans. 173-92 yards. 
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To find the area of a triangle. 

Rule I. — Multiply the base by the perpendicular height, 
and take half the product for the area. * 

Rule II. — "When the three sides only are given: add the 
three sides altogether, and take half the sum ; from the half 
sum subtract each side separately ; multiply the half sum and 
the three remainders continually together ; and take the square 
root of the last product for the area of the triangle; 

FORMULA. 

Let the base AB = i, and the 
perpendicular CD=p; then 

, 2A , , 2A 
: 1 = — ,ande= — 
b p 
When all the three sides of the 
triangle are given, let them be re- 
presented by a, b and c, and their 
half snm by s ; then 



A= = -/*(*-«) (■ — *) (*—*)• 

EXAMPLES. 

1. Let the base AB = 42 feet, and the perpendicular CD=33 
feet ; required the area in square yards. 

By Rule I. 42 X 33+2=693, and 693-i-9=77 square yards. 

2. To find the number of square yards in a triangle, the sides 
of which are 13, 14, and 15 feet. 

By Rule II. 

13 21 

14 6 

15 • 

— 126 

2)42 7 



21 21 21 
13 14 15 



remainders 8 7 6 7056(84 square feet, 

64 — 9£ sq. yds. Ant. 

164)656 
656 
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3. The base of a triangle is 40, and its perpendicular 30 feet ; 
required the area in square yards. Ans. 66f square yards. 

4. Find the area of a triangle, the three aides of which are 
20, 30 and 40 feet. Ans. 32'27 square yards. 

5. The base of a triangle is 49 and its height 25y feet, how 
many square yafds does it contain ? 

Ans. 68'736 square yards. 

6. The base of a triangle is 18 feet 4 inches, and its height II 
feet 10 inches ; required the area. Ans. 108 feet 5' 8". 

7. The hypothenuse of a right angled triangle is 102J feet, 
and its base 100 ; required the area in square yards. 

Ans. 125 square yards. 

8. The side of an equilateral triangle is 5-1 feet, required the 
area. Ans. 11-2626 square feet. 

9. The base of a triangle is 121 yards j required its perpendi- 
cular, when it contains an acre of land. Ans. 80 yards. 

10. The equal sides of an isosceles triangle are each 50 feet, 
and its base 28 ; how many square yards does it contain 1 

Ans. 1A\ square yards. 

Problem III. 
To find the area of a trapezoid. 

Add together the two parallel sides ; multiply that sum by the 
perpendicular distance between them, and take half the product 
for the area. 

EXAMPLES. 

1. In a trapezoid the parallel hues are A B7'5, and DC 12*25, 
also the perpendicular distance A P is 15.4 feet; required the 
area. 

12-25 
7-5 

19-75 A B 

154 



7900 
9875 

1975 DP C 



2)304*150 
152*075 square feet, Ans. 
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2. How many square feet contains the plank, whose length is 
12 feet 6 inches, the breadth at the greater end 1 foot 8 inches, 
and at the less end 11 inches? ' Ana \3{±feet. 

3. Bequired the area or a trapezoid, the parallel sides being 21 
feet 3 inches and 18 feet 6 inches, and the distance between them 
8 feet 5 inches. Ana. 1 67 square feet, 3' 4" 6"'. 

Problem IV. 
To find the area of a trapezium. 
Case I. — For any trapezium. 

Divide it into two triangles by a diagonal ; then find the areas 
of these triangles, and add them together. 

Or, if two perpendiculars be let fall on the diagonal, from the 
other two opposite angles, the sum of these perpendiculars being 
multiplied by the diagonal, half the product will be the area of 
the trapezium. ' 

Case II. — When two opposite angles are supplements of each 
other. 

Add all the four sides together, and take half the sum ; next 
subtract each side separately from the half sum ; then multiply 
the four remainders continually together, and take the square root 
of the last product for the area of the trapezium. 

EXAMPLES. 

1. To find the area of the trapezium ABCD, the diagonal 
A C being 42, the perpendicular B E 18, and the perpendicular 




2)1423 
714 Ans. 

2. In the trapezium ABCD, the side A B ia 15, DC 13, • 
C D 14, A D 12, and the diagonal A C is 16 : required the - 
area. 
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AC 16 
AB 15 

BC 13 

2)44 

22 22 22 half stftn 



AC 16 
CD 14 
AD 12 



2)42 

21 21 21 half Si 



378 315 

22 21 

756 ' 315 

756 630 

✓8316=91-1921 V<>615=81.3326 

The triangle ABC... 911921 

The triangle ABC,... 81 3326 



The trapezium A B CD 172 5247, Am. 

3. If a trapezium hove its opposite angles supplements to each 
other, and have four sides 24, 26, 28, 30 ; required its area. 

By Rule II. the area is 723-989. 

4. How many square yards of paving are in the trapezium, 
the diagonal of which is 65 feet, and the two perpendiculars let 
fall on it 28 and 38"5 feet? Am. 222i 5 yards. 

5. What is the area of a trapezium, the south side being 
27*40 chains, east side 35'75 chains, north side 37 55 chains, 
west side 4 ('05 chains, and the diagonal from south- west to 
north-east 48'35 chains? Ans. 123a. Or. 11.8656?. 

6. What is the area of a trapezium, the diagonal of which is 
108£ feet, and the perpendiculars 65£ and 60|- feet. 

Ant, 705J square yards. 

7. What is the area of a trapezium, the four sides being 
12, 13, 14, 15? having its opposite angles supplemental. 

An*. 180-997. 

8. In the four aided field A B C D, on account of obstructions 
in the two sides A B C D, and in the perpendiculars B F, D E, 
the following measures only could be taken: namely,* the two 
sides B C 265 and A D 220 yards, the diagonal A C 378 yards, 
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and the two distances of the perpendiculars from the ends of the 
diagonal, namely A E 100, and C F 70 yards: required the 
area in acres, when 4840 square yards make an acre. 

Ans, 17a. 2r. 2lp. 

9. "When A B = 314, B C = 232, CD = 228i, D A = 266£, 
and the diagonal A C = 41 7£ feet ; required the area in square 
yards. Ant. 8641£ square yards. 

Problem V. 

To find the area of an irregular polygon. 

Utile. — Draw diagonals dividing the figure into trapeziums 
and triangles ; then find the areas of all these separately, and 
add them together for the content of the whole figure. 

EXAMPLES. 

1 . To find the content of the irregular figure ABCDEFGA, 
15 in which are given the follow- 

ing diagonals and perpendicu- 
lars : namely, 
A C 5'5 
FD 52 
GC 4-4 
Gm 1-3 



E_p 08 
Dg 2-3 
2nd, 3rd 
For trapcz. GDEF. For triangle GCD. 
1-2 44 




For trapez. ABCG. 



1-55 10-4 
15-5 

17 05 double ABCG 

10-40 double GDEF 

1012 double GCD 



7 57 double the whole. 
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2. Required the area of the figure ABCDEFG, when 
AC = 12, FD = 11, GC = 9£, Gmz= 8}, Bn = 4, Go = 2% 
Ep = 1$, and D j = 4£ feet. 

Problem VI. 
To find the area of a regular polygon. 

Rule I. — Multiply the sum of the sides or perimeter of the 
polygon by half the perpendicular from its centre to one of its 
sides, and the product will be the area. 

Rule II. — Multiply the square of the side of the polygon by 
the number opposite its name, in the column headed " Areas," in 
the Table to Prob. IV., Part II. and the product will be the area. 

FORMULAE. 

Let t = A B = side of the polygon, 
p — CP perpendicular from the centre 
on A B, n = number of sides of the po- 
lygon, and a = its tabular area ; then 

A = £ np t, and A. = a s 2 . Also 

a np ns 



. 1. Required the area of a regular pentagon, the side A B of 
which is 25 feet, and the perpendicular C P = 17-205. 
By Rule I. 
17-205 

25 x 5 = 125 = perim. By Rule II. 

1-7205 table area. 




86025 625 = 25 2 

34410 

17205 86026 



2)2150-625 



1075-3125 sq.feet. 1075-3125 sq.feet. Am. 

2. To find the area of the hexagon, the side of which is 20 
feet. Am. 1039-23 square feet. 

3. To find the area of the trigon, or equilateral triangle the 
side of which is 20 feet. Ans. 173205 square feet. 

4. Required the area of an octagon, the side of which is 20 
feet. Am. 1931-37 square feet. 
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5. What is the area of a decagon, the side of which is 20 
feet. Ans. 3077-68 square feet. 

6. Required the side of a decagon, the area of which is 16 
square feet. 

By the third formula, the side «=«y^, that is, 

^v§w = 1 ' 442 f eet = 1 f oot5 ' 3 inches - Ans - 

7. The fence of an octagonal inclosure, within a square in a 
city, cost £840 at 4*. &d. per foot ; what will he the cost of the 
gravelling the surface at lQ±d. per square yard? 

. Ans. £U2 Os. 6±d. 

8. The corners of a square are cut off so as to form an octagon ; 
required the area of the octagon, the side of the square being 
200 feet.- Ans. 3681-8 square yards. 

Problem VII. 

To find the area of a circle when the radius, or half diameter 
is given. 

Rule I. — Multiply the square of the radius by 3-1416 for the 
area. 

To find the area of a circle when the circumference is given. 
Rule II. — Multiply , the square of the circumference by 
■07958. 

Put the radius AC^r, the circum- 
ference = c, and 3-1416 = ir ; then 

A = jt r°, and r =*f~ ; also 

A= _ = i r c, and c — V4A jt, 
4jt 

examples. 

1. Required the area of a circle, the radius of which is 
5 feet. 

By Rule I., or the first formula. 

3-1416 X 5 s = 3-1416 x 25 = 78 54 square feet. 

2. The circumference of a circle is 1S'4 feet, what is its area? 

Ans. 2G-92 square feet. 

3. A circular pleasure ground is to be laid out to contain 
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exactly an acre, required the length of the chord with which the 
circle must be traced. ■ 

By the second formula, the length of the chord, or 
r = */<j "i4^fl = 3 ^ y ftr ^ 8 ver y nearly. 

4. How many square yards are in a circle whose diameter is 
3ifeet? Am. 1-069. 

5. How many square feet does a circle contain, the circumfe- 
rence being 10-9956 yards. Am. 86-19543. 

6. The area of the piston of a steam engine is required to be 
1192 square inches to give it the requisite power; required the 
interior diameter of the cylinder, and its exterior circumference 
the thickness of the metal being one inch. 

Ans i I nter i° r diameter 39 inches nearly. 

' \ Exterior circumference \Q feet finches. 

7. The circumference of the circular paling of a plantation was 
found to.be 235£ yards, what is its area. . 

Ans. 4400 square ym-ds. 

8. What is the circumference of a circle, the area of which is 
an acre? Ana. 246 yards 1 foot 10£ inches. 

Problem VIII. 
To find the area of a sector of a circle. 

Rule I. — Multiply the radius, or half the diameter, by half 
the arc of the sector, for the area. Or, multiply the diameter 
by the arc of the sector, and take £ of the product. 

Note. The arc may be found By Prob. Ill, 

Rule II. — As 360 is to the degrees in the arc of a sector, so 
is the whole area of the circle, to the area of the sector. 

Notr. For a semicircle take one half, for a quadrant, one quarter, &c., of 
the whole circle. 

FOEMDLS. 

A. = ~r x arc, and r = E^. 
2 arc 

EXAMPLE. 

1. V/hat is the area of the sector CADB, the radius being 
10, and the chord A B 16 ? 
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By Rule I. 




100 = AC ! 
64 = AE 2 



36(6 = CE 
10 = CD 



16 — DE 9 
64 = AE 2 

80 ( 8-9442719- 



3)55-5541752 
2) 18-5180584 arc A D It 
9-2590297 = half arc 
10 = radius 



92-590297 Ans. 

2. Required the area of a sector, the arc of which contains 96 
degrees, the diameter being 3 feet. 

•7854 = in 
$ = 3 2 

7-0686 — area of the whole circle. 
Then by Rule li- 
as 360° : 96° : : 7-0686 
or, as 30° : 8° : : 7 0686 : 1-88496 square feet. Ans. 

3. What is the area of a sector, the radius of which is 10 feet, 
and the arc 20? Ans. 11£ square yards. 

4. Required the area of a sector, the radius of which is 18 
feet, and the chord of its arc 12? Ans. 110^ square feet. 

5. How many square yards are in a sector of 187° 37', the 
radius of the circle being 289 ? Ans. 15194 square yards. 

6. Required the area of a sector, the radius of which is 25 
feet, and its arc contains 147° 29'. 

Ans. 80J-4 square feet nearly. 

7. What is the area of a sector, the chord of the arc of which 
is 24 feet, and its height 6 ? Ans. 208.572 square feet. 
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8. Required the area of a sector greater thau a semicircle, the 
chord of its arc being 12, and its diameter 15 feet. 

Ans. 124£ square feet. 

Problem IX. 

To find the area of a segment of a circle. 

Rule I. — Find the area of a sector having the same arc as the 
segment, by the last problem ; find also the area of the triangle, 
formed by the chord of the segment and the two radii of the 
sector : then the difference of these two areas is the area of the 
segment. See Note 1 . 

Rule II. Divide the height or versed sine of the segment by 
the diameter, and find the quotient in the column of versed sines, 
in Table I., at the end of the hook. Take out the corresponding 
area, in the next column on the right hand, and multiply by the 
square of the diameter for the area. 

FORMULAE. 

Put r = A E, C = A B, n = CD, C 
y = E D, t = tabular area, and a— ^^^\ B 

arc A C B ; then /\ ; '^/X 

A = * («r - Cp) = £ v VC 3 + i v -K 



2C 



= (2r*) t. 



Note I. When the segment is greater than \ 
a semicircle, find the area of the remaining \, 
segment, and subtract from the whole area of 
the circle for the required area. V 

Note 2. The first rule or formula gives an 
approximate value of the area, not very far from 
the truth ; the second and third are still nearer 
the truth ; and the last rule or formula may be 
considered as exactly true. 

EXAMPLES. 

1 . Required the area of the segment A C B D A, its chord 
AB being 12, and the radius AE or CE 10 feet. 

First find C D and A C from the properties of the figure, and 
the length of the arc AC B by Prob . VII., P art II. ; then fi nd 
the area by Rule I. ; thus D E = a/A g-AD'^ y^l)*— 6' = 
8, CD = CE — DE = 10-8 = 2, and AC = /AD S + CI> , = 

1 r. MJwe „t,. , 6-324555 X 8 - 12 = 

«y6 a 4- 2" — 6 324555 ; whence - 

38-59644 = arc ACB, and by Rule I., £ (38-59644 X 10) - 

■J (12 X 8) = 16-3274 square feet. Ans. 

* This formula is due to B. Gomperd, Esq., F.Ii S. 
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By Rule II. The example being the same aa before, we have 
C D equal to 2 ; and the diameter 20. 
Then 20)2 (-1 

And to -1 answers .... -040875 per Table 1. 
Square of diameter. . . . 400 



Am. 163500 square feet. 
By the second formula, the same ex ample being still used, 
A = | v VC 3 + £ «- = i s/W + £ 2 2 = 16-3511 square feet, 
which is very near truth. 

2. What is the area of the segment, the height of which is 2, 
and the chord 20 feet. Am. 26-36046. 

3. What is the area of the segment, the height of which is 
18, and the diameter of the circle 50 feet? Am. 636'375. 

4. Required the area of the segment, the chord of which is 16, 
the diameter being 20 feet. Am. 447292. 

5. What is the area of a segment, the arc of which is a sextant, 
the whole circumference of the circle being 25 feet? 

Am. 1-4312 square feet. 

6. The chord of a segment is 40, and its height 8 feet? what 
is its area by the third formula ? Am. 219-73 square feet. 

Problem IX. 
To jintl the area of a circular zone- 

(See figure to Prob. VIII., Part II.) 
Rule. — The zone being first divided into a trapezoid (ABCD) 
and two equal segments (BHD and AC), find the area of the 
trapezoid by Prob. III., and the areas of the two segments by 
Prob. IX. ; which areas, being added together, will give the area 
of the zone. 

EXAMPLES. 

1. The breadth of a zone is 42 feet, and its parallel chords are 
48 and 36 feet, required the area. 

Am. 253-08 square yards. 

2. The two parallel chords of a circular zone are each 100 
yards, and the radius of the circle 72 yards ; required the area 
of the zone. Am. 13508-j square yards.' 

3. The parallel chords of a circular zone are each 2j feet, and 
the radius of the circle 1§ ; required the area. 

Ans. 6£ square feet nearly. 
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To find the area of a circular ring, or space included between 
two concentric circles. 

Take the difference between the two circles, for the ring ; or 
multiply the sum of the radii by their difference, and multiply 
the product by 3-1416 for the answer. 

FORMULAE. 

A = rr (R 2 - t 3 ) = — (C 2 — c 3 ) ; in which It and r are 
4ir 

the greater and lesser radii, and C and c the greater and lesser 



1 . The diameters of the two concentric circles being A B 20 
and DG 12 feet, required the area of the ring contained be- 
tween their circumferences A E B A, and DFGD. 



AC = 10 3-1416 
DC = 6 64 



sum 16 12-5664 
dif. 4 188-496 




64 201-0624 

2. The diameters of two concentric circles being 20 and 10 
feet ; required the area of the ring between their circumferences. 

Ant. 235-72 square feet. 

3. What is the area of a ring, the diameters of its bounding 
circles being 6 and 4 feet ? Ans. 15 - 708. 

4. The circular fences on each side a gravel walk, surrounding 
a shrubbery, are 800 and 714 feet in length-; what is the area of 
the walk, and what did it cost in laying with gravel at Is. 4%d. 
per square yard. . J Area 1151 square yards. 

AnS - I Cost £79 2s. 7\d. 

Problem XI. 

To find the area of a lune A C B D A. 

Rule. — Find by Prob. VIII. the areas of 
the segments A C B and A D B, formed by 
the chord A B of the two arcs of the lune, 
and the difference of these areas will be the 
area required. 
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EXAMPLES. 



1, What is the area oflune, the chord AB of which is 24 ft. 
and the heights of its two arcs 5 and 3£ ft.? Ans. 25J sq.ft. 

2. The chord of a lune is 40 feet, and the heights of its arcs 4 
and 20 feet required the area. Ans. 57'867 square yards. 



To find the area of an ellipse. 

Rule. — Multiply the product of the semiaxes TP, CP by 
3-1416 for the area. 



200 feet ; required the area. 

Ans. 5236 square yards, = 1 acre 396 square yards. 
2. Required the area of an ellipse, the axes of which are 70 
and 50 yards. Ans. 2748 square yards 8 feet. 

Problem XIII. 
To find the area of an elliptical segment, the chord of which is 
parallel to one of the axes. (See last figure.) 

Rule. — Divide the height of the segment by that axis of the 
ellipse of which it is a part ; and find in the table of circular 
- segments at the end of the book, a circular segment having the 
same versed sine as this quotient. Then multiply continually 
together, this segment, and the two axes, for the area required. 



I . "What is the area of an elliptic segment mRn, whose height 
R r is 20 ; the tranverse T R being 70, and the conjugate C O 
50 feet? 



70) 20 ( '285-f the tubular versed sine. 
The corresponding segment 
is -185166 
70 



12-961620 
50 



Problem XII. 



C 




EXAMPLES. 



-€48-081000 square feet, the area required. 
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2. What is the arcn of an elliptic segment, cut off parallel to 
the shorter axis, the height being 10, and the axes 25 and 
35 feet? Am. 162-021 square feet, 

3. What is the area of the elliptic segment, cut off parallel to 
the longer axis, the height being 5, and the axes 25 and 
35 feet? ■ Am. 97-8458 square feet. 

Problem XIV. 

To find the area of a parabola. 

Rule. — Multiply the axis or height VE 
by the base or double ordinate D F, and f V 
of the product will be the area. 

FORMULA. 

A =s= ■$ a d, in which a is the axis, and 
d the double ordinate. 

EXAMPLES. 

1. Required the area of the parabola 
A V C, the axis V B being 2, and the 
double ordinate AC 12 feet. 

{ x 12 x 2 = 1G square feet, the area required. 

2. The double ordinate of a parabola is 20 feet, and its 
height 1 8 ; required the area of the parabola. 




Am. 240 square feet. 
Problem XV. 
To find the area of a parabolic f rostrum A C F D. 

Cabe each end of the frustrum, and subtract the one cube from 
the other ; then multiply that difference by double the altitude, 
and divide the product by triple the difference of their squares, 



r the area. 



parallel chords. 



FORMULA. 

in which a is the altitude, and C and c the 



1. Required the area of the parabolic frustrum AC FD, AC 
being 6, D F 10, and the altitude B E 4 feet. 
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Ends. Squares. Cubes. 
DF = 10 100 1000 

AC= 6 36 216 



192) 6272 (32 1 «= s 32Mw. 

512 
384 



2. What is the area of the parabolic fruslrum, the two ends of 
which are G and 10, and its altitude 3 feet. Am. 24\square feet. 

Note. Those who wish for further information on the areas of the conic 
sections, are referred to the works of Emerson, Hamilton, SC., it being foreign 
to the object of this work to give more on this subject. 

Problem XVI. 
To find the areas of irregular figures whether bounded by straight 
lines or curves. 

Case I. — When the figure is long and narrow. 

Rule.™ Take the perpendicular breadth at several places, at 
equal distances ; to half the sum of the rn-st and last two breadths, 
add the sum of all tho intermediate breadths, and multiply the 
result by the common distance between the breadths for the 
area. 

Case II. — When the breadths or perpendiculars are taken at 
unequal distances, the figure being long and narrow. 

Rule I. — Find the areas of all the trapezoids and triangles 
separately, and add them together for the area. 

Rule II. — Add all the breadths together, and divide the 
sum by the whole number of them for the mean breadth, which 
multiply by the length for the area. — This method is not very 
correct, but may do where great accuracy is not required. 

EXAMPLES. 

1 . The perpendicular breadths, or offsets of au irregular figure 
at five equidistant places are AD = S 1 2, mp = 7"4, n q = 9'2, 
or = 10-2, B C = 8-6 feet ; and the common distances Am = 
m n = &c. = 50 feet ; required the area. 
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By Rule I., Case I. 



2)16-8 = sum 
B-4 = 1 sum 



Ans. 17CO*0 square feet. 

2. The length of an irregular plank is 25 feet, anil its perpen- 
dicular breadth at six equidistant places are 17-4, 20-6, 14-2, 
1G'5, 20*1, and 24 - 4 inches; required the area. 

Am. 30£ square feet. 

3. Take the dimensions and 
find the area of the annexed 
irregular figure, by Rule I. and 
II., Case II. 

Case III. When the breadth of the figure is large and its 
boundary curved or crooked. 

Rule. — Divide the figure into trapeziums and triangles, in the' 
most convenient manner, taking offsets to the curved or crooked 
portion of the boundary. Find the areas of the trapeziums, 
triangles, and the offset pieces separately, which, being added 
together, will give the required area of the whole figure. 



The annexed figure is 
divided into two trape- 
ziums AB FG, BCEF, 
and one triangle C D E, 
with offsets on A B, A G, 
CD, andDE. It is re- 
quired to measure the se- 
veral parts of the figure, 
and to find its area. 

The areas of the trape- 
ziums are found by letting fall perpendiculars on the diagonals 
A F, B E by Prob. IV., and the area of the triangle by Prob. II., 
the areas of the several offset pieces being found by one or other 
of the cases of this Problem. 
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PROMISCUOUS EXERCISES. 

1 . The sides of three squares are 6, 8, and 24 feet ; required • 
the side of n square that shall hare an area equal to all the 
three. Am. 26 feet. 

2. In cutting a circle, the largest possible, out of a card- board 
5 feet square, how much will he wasted. 

Am. 5-365 square feet. 

3. The area of a square is 72 square feet; required the length 
of its diagonal. Am. 12 feet. 

A. A ditch 13 yards wide surrounds a circular fortress, the 
circumference of the fortress being 704 yards ; required, the area 
of the ditch. Am. 2 acres nearly. 

5. What is the area of a circular table the diameter of which 
is 59 inches. Am. 19 square feet nearly. 

6. What is the area of an isosceles triangle, the base of which 
is 5 feet 10 inches, and each side 8£ feet? 

Am. 23 square feet 41-J inches. 

7. Required the side of a decagon the area of which is 9 square 
feet. Ans. 1 foot 1 inch nearly. 

8. The side of a square is 50 yards, and its corners are cut off 
so as to form an octagon ; required the area of the octagon. 

Ans. 2071 square yards. 



PART IV. 
MENSURATION OF SOLIDS. 

DEFINITIONS. 

1. A Solid has three dimensions, length, breadth, and 
thickness. * 

2. A prism is a solid, or body, whose ends are any plane 
figures, which are parallel, equal, and similar ; and its sides are 
parallelograms. 

A prism is called a triangular one when 
its ends are triangles ; a square prism, 
when' its ends are squares ; a pentagonal 
prism, when its ends are pentagons ; and 
so on. 



MENSURATION OF SOLIDS. 



53 




3. A cube is a square prism, having six 
sides, which are all squares. It is like a 
die, having its sides perpendicular to one 
another. 

4. A parallelopipedon is a soUd having 
six rectangular sides, every opposite pair of 
which are equal and parallel. 

5. A cylinder is a round prism, having 
circles for its ends. 

Note, A prism is called aright one, when its sides 
arc perpendicular to its ends ; and an oblique prism 
when its sides are inclined to its ends. 

G. A pyramid is a solid having any 
plane figure for a base, and its sides are 
triangles, the vertices of which meet in a 
point at the top, called the vertex of the 
pyramid. 

The pyramid takes names according to the figure of its base, 
like the prism ; being triangular, or square, or hexagonal, Sc. 



7. A cone is a round pyramid, having 
a circular base. 

8. _ A sphere is a solid bounded by one 
continued convex surface, every point of 
which is equally distant from a point within, 
called the centre.— The sphere maybe con- 
ceived to be formed by the revolution of a 
semicircle about its diameter, which remains 
fixed. 



9. The axis of a solid, is a line drawn from the middle of one 
end, to the middle of the opposite end ; as between the opposite 
ends of a prism. Hence the axis of a pyramid, is the line from 
the vertex to the middle of the base, or the end on which it is 
supposed to stand, as 0 V. And the axis of a sphere, is the 
■same as a diameter, or a line passing through the centre, and ter- 
minated by the surface on both sides. 

Note. It is called a right pyramid when the axis is perpendicular to the 
base, but nhen inclined to the base, it is called an oblique pyramid. 
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10; The height or altitude of a solid, is a line drawn from its 
vertex or top, perpendicular to its base. — This is equal to the 
axis in a right prism or pyramid; but in an oblique one, the 
height is the perpendicular side of a right-angled triangle, whose 
hypothenose is the axis. 

1 1 . Also a prism or pyramid is regular or irregular, as its base 
is a regular or an irregular plane figure. 

12. The segment of a pyramid, sphere, or any other solid, is 
a part cut off the top by a plane parallel to the base of that 
figure. 

13. A frustrum or trunk, is the part that remains at the 
bottom, after the segment is cut off. 

14. A zone of a sphere, is a part intercepted between two 
parallel planes. When the ends, or planes, are equally distant 
from the centre, on both sides, the figure is called the middle 
zone. 

15. The sector of a sphere, is composed of a segment less 
than a hemisphere or half sphere, and of a cone having the 
same base with the segment, and its vertex in the centre of the 
sphere. 



17. A regular body, is a solid contained under a certain 
number of equal and regular plane figures of the same sort. 

18. The faces of the solid are the plane figures under which it 
is contained ; and the linear sides, or edges of the solid, are the 
sides of the plane faces, 

1 9. There are only five regular bodies :- namely, 1st, the tetra- 
hedron, which is a regular pyramid, having four triangular faces : 
2nd, the hexahedron, or cube, which has 6 equal square faces : 
3rd, the octahedron, which has 8 triangular faces: 4th, the do- 
decahedron, which has 12 pentagonal faces: 5th, the icosahe- 
dron, which has 20 triangular faces. 




16. A circular spindle, is a solid generated 
by the revolution of a segment of a circle about 
its chord, which remains fixed. 



TABLE OF SOLID MEASURE. 



1728 cubic inches. 
27 cubic feet. . . 




ass 1 cubic foot. 
= 1 cubic yard. 

-- 1 gallon. 
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Problem L 
To find the solidity of a cube. 

Rule. — Cube oue of its sides for the content; that is, mul- 
tiply the side by itself, and that product by the side again. 

FORMULA. 

Let I — length of the side of the cube, S its solidity, and s its 
surface ; (which two last are also used to represent the solidities 
and surfaces of all the solids in the following problems') then, 
S = P, and / = 3 VS. Also * = 6 P. 

EXAMPLES. 

1 . If the side A B, or A C, or B D, of a cube be 24 inches, 
what is its solidity or content ? 
By the Rule or the first Formula. 

24 
24 



48 

576 




1152 

13824 Ans. 

2. How many solid vards are in a cube the side of which is 
22 feet? Ans. 3Q4 solid yards \Ofeet. 

3. Required how many solid feet are in the cube the side of 
which is 18 inches ? Ans. 3£. 

4. What is the content of a cube, measuring 0 feet 8 inches 
every way ? Ans. 290 cubic feet 3'. 6". 8"'. 

5. A cubical box contains 343 cubic feet; required the length 
of its side. 

By the second formula I = 3 V S = 3 ^ 343 _ 7 f eet . 
G. How many square feet of deal will make a cubical box, lid 
included, each side of the box being 3 feet? 
By the last formula, s = 6 P = 6 x 3 2 = 54 square feet. 

Problem II. 
To find the solidity of a parallelopipedon. 
Rule.— Multiply the length, breadth, and depth, or altitude, 
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all continually together, for the solid content : that is, multiply 
the length by the breadth, and that product by the depth. 

FORMULA. 

Put I — length, b = breadth, and d = depth of the solid; 

thenS = /i£l=i« = JLtf=® Also, * = 

b a la to 

2 {/ (6 + d) + bd) j . 

EXAMPLES. 

1. Kequired the content of the parallel op ipcd on, whose 
length A B is 6 feet, its breadth AC 2J feet, and altitude B D 
ljTeet? 

1-75 = BD 
6 = AB 

10-50 
25 = A C 



5250 
2100 

26-250 Ans. 

2. Required the content of a parallelopipedon, the length of 
which is 10-5, breadth 4'2, and height 3'4. Ana. 149 94. 

3. How many cubic feet are in a block of marble, the length 
of which is 3 feet 2 inches, breadth 2 feet 8 inches, and depth 
2 feet 6 inches? Ans. 2\\, 

4. A stone in the ruins of the walls of Balbec is 36 feet iu 
length, 14 in breadth, and 12 in thickness; required its content, 
and its weight at the rate of 180 lbs. per cubic foot. 

Am. 11088 cubic feet, and weight 891 tons. 

5. A rectangular eistern is to be made 32 feet in length and 
12 in breadth, and to hold 1920 cubic feet of water ; what must 
be its depth? 

By the third formula the depth d = - - - - ^tP = 5 feet. 
J 1 I 6 32 x 12 

6. What quantity of deal is there in a box 3£ feet long, 2 
wide, and lj deep? 

By the last formula * = 2 jaj (2 + 1$) + 2 x i-J } = 3UJ- 
square feet. 
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Problem III. 

To find the solidity of any prism or cylinder. 

Rule. — Find the area of the base or end ; which multiply by 
the height or length ; and the product will be the content. 

To find the area of the surface of a prism or cylinder. 

Rule. — Multiply the circumference of the base or end by the 
length or height, aim the product will be the area required. 

Note. If the whole surface be required, the area of the two ends must be 
added to the area found by the rale. 

FORMULAE. 

Put I — length or height, as before ; a the area, and c the cir- 
cumference of the base ; then 

S = al = —,l=^. Also s=cl + 2a = surface of the 
4 jt n 

prism, including the two ends, and s — ir r I — convex surface 
of the cylinder, exclusive of the ends, r being the radius of 
the base. 

EXAMPLES. 

1. Required the content of a triangular prism, the length 
AC of which is 12 feet, and each side of its equilateral base 
2J feet. 

By the Rule or first Formula. 

- -433013 tabular No. 
H = (2*) 3 



2-i 5 080 78 
108253 



a = 2 /06331 area of end 
Z= 12 length 

Ans. 32-475972 solid feet. 

2. Required the solidity of a triangular prism, the length of 
which is 10 feef, and the three sides of its triangular end or base, 

• are 5, 4, 3 feet? Ans. 60 cuhicfeet. 

3. What is the content of a hexagonal prism, the length being 
8 feet, and each side of its end 1 foot 6 inches. 

Am. 46-765 cubic feet. 

4. Required the content of a cylinder, the length of which is 
20 feet, and circumference 5£ feet. 

By the second formula, 
3 7 

S =_ = (5J) 3 X 20 x -07958 = 48-14G cubic feet. 

4 5T 

3* 
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5. What is the convex surface of a cylinder, the 
length of which is 16 feet, and its diameter 2 feet 3 
inches ? 

By the last formula, 
»=rrf = 3-1416 x 1\ x 16 = 113-09;6 sq. feet. 

C. Required the whole superficial area of a cylinder, 
the length of which is 15 feet, and ifiameter 5$ feet ? 

Ana. 32| square yards. 
7- The whole superficial area of a triangular 
prism is 143 square feet, and each side of its equi- 
lateral ends 5 feet ; required its length ? 
By transposing the third formula, 



1 = 



- G feet 8 inches nearly 



8. The diameter of a cylinder is 12 feet, and its 
length 20; required the content? 

Ans. 2262 cubic feet nearly. 

9. How many cubic feet of stone is there in a 
round pillar, the height of which is 16 feet, and 
diameter 2 feet 3 in? Ans. 63-62 cubic ft. 

10. How many square yards of painting are there 
in the convex surface of a column, the length of 
which is 20 feet, and its diameter 2 feet? 

Ans. 13 square yards 8f feet nearly. 

Problem IV. 

To find ike solidity of any cone or any pyramid. 

Rule. — Compute the area of the base, then multiply that area 
by the height, and take $ of the product for the content. 

To find the convex surface of a right cone, or the slant sur- 
fare of a right pyramid. 

Rule. — Multiply the circumference of the base by the slant 
height, or length of the side, and take half the" product fdr the 
surface. 

FORMULA. 

S=:ial,a = ^Xl^—. Also s = j c 7, /'being the 

slant height. When the whole surface is required, the area of 
the base must be added. 

EXAMPLES. 

1 . What is the solidity of a cone, the height C D of which is 
12i feet, and the diameter A.B of the base 2£? 
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5<l 



25 



Here 2f x 2| x 1 x ™ 
2 ° * 

Then 7854 



4-90875 area of base 
] height C D 




5S-90500 
2-454375 



3)61-359375 
20 453125 Ana. 
2. What is the solid content of a pentagonal 
being 1 2 feet, and each side of its base 2 feet 
1-720477 tab. area 
4 square side 

6-881903 area base 

4 $ of height CO 




Ana. 27 527632 cubic feet, 

3 What is the content of a cone, its height being 10-£- feet, 
and the circumference of its base 9 feet 1 

Ana. 22'561 cubicfeet. 

4, Required the content of a triangular pyramid, its height 
being 14 feet 6 inches, and three sides of its base, 5, 6, 7. 

Ans. 71-0351 cubicfeet. 

5 . What is the content of a hexagonal pyramid, ' the height of 
which is 6-4, and each side of its base 6 inches. 

Am. 1-38 cubicfeet. 
C. If the diameter of the base AB be 5 feet, and the side of 
the cone AC 18, required the convex surface. 
3-1416 

5 diameter 

15-7080 circumference 
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7. "What is the convex surface of a cone, the slant side of 
which is 20, and the circumference of its base 9 feet? 

Ans- 90 square feel, 

8. Required the convex surface of a cone, the slant height of 
which is 50 feet, and the diameter of its base 8 feet 6 inches 1 

Ans. 667 ''59 square feet. 

9. The side of the equilateral base of a trianguiar pyramid is 
5 feet, and its solid content 62£ cubic feet ; required its per- 
pendicular height. 

Am. By the third formula, the height if found 1 7 feet 4 
inches nearly. 

10. Required the weight of a hexagonal pyramid of marble, 
each side of the base of which is I foot 3 inches, and the vertical 
height 10 feet, the weight of the marble being 170 lbs. per 
cubic foot. Ans. 1 ton. 0 ewt. 18^ lbs. 

11. A cone contains 8 solid feet, and its height is 2 feet; 
what is the circumference of its base? Ans. 12 28 ft nearly. 

12. The circumference of the base of a cone is 33 feet, and 
the slant height 8 feet 9 inches ; required the content ? 

Ans. 202'G5 cubic feet. 

Problem V. 

To find the solidity of the frustrum of a cone, or any pyramid. 

General Rule. — To the area of the two ends add the 
square root of their product, and multiply the sum by \ of the 
height for the solidity. 

FO RMlI.il. 

If A and a be the areas of the greater and lesser ends ; then, 

S=i(A. + « + VAfl)Z. 

When the solid is the frustrum of a cone, or of a pyramid, 
having its ends regular polygons. 

Rule. — To the sum of the squares of the radii of the end3, 
if a cone, or of the sides of the ends, if a pyramid, add their 
product; and multiply the sum by 3-1-1 1G, if a cone, or by the 
tabular number of the polygon, if a pyramid, and again by | of 
the height for the content. 

formuLe. 
S = i (R* + >* + Rr) Itt, 
in which R and r arc the radii of the ends, if a cone, or the. 
sides of the ends, if a pyramid. In the latter case w represents 
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the tabular number of the polygon. If ft and r be taken aa the 
circumferences of the ends of a cone, then «- must be taken 
= -07958. 

To find the coneex surface or frmtrum of a cone, or the slant 
surface of a pyramid. 

Role. — Multiply the sum of the circumferences of the two 
ends by £ the slant height of the frustrum for the required 
surface. 

Note. When the whole surface is required the areas of the two eutls must 
be aiidcd to the result of the Hule. 

EXAMPLES. 

1. What is the content of a frustrum of a cone, the height of 
which is 20 inches, and the diameters of its two ends 28 and 20 
inches ? 

28 28 
2S 20 

224 560 

56 784 
400 

784 

1744 

-2618 

13952 

1744 
10464 
3488 



456-5792 

20 = PQ 



Ans. 9131-5S40 solid inches. 

2, Required the content of a pentagonal frustrum, the height 
of which is 5 feet, each side of the base 1 foot 6 inches, and 
each side of the less end 6 inches. 
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166 1 of sum. 
1-720477 tab. area. 



8602385 
1720477 



268-394412 mean area 
5 height PQ 



... 1 12 I 1341-972060 
J 12 111-831005 
• S 9-319250 Ans. in cubic feet. 

3. What is the solidity of the frustrum of a cone, the altitude 
being 25, the circumference at the greater end 20, and at the 
less end 10 feet? Ans. 464-205 cubic feet. 

4. Horn many solid feet arc in a piece of timber, whose bases 
are squares, each side of the greater end being 15 inches, and 
each side of the less end 6 inches ; also the length, or perpendi- 
cular altitude is 24 feet? Ans. 19£ cubic feet. 

5. To find the content of the frustrum of a cone, the altitude 
being 18, the greatest diameter 8, and the least 4 feet? 

Ans. 527-7888 cubic feet. 
0. What is tiie solidity of a hexagonal frustrum, the height 
being 6 feet, the side of the greater end IS inches, and of the 
less 12 inches ? Ans 24'68 cubic feet. 

7. The girts of the trunk of a tree at its two ends are 15 and 
10 feet, and its length 48 feet ; how many solid feet does it 
contain ? (It and r being taken for the girts in the second 
formula, &c.) Ans. G04£ nearly. 

8. The height of the frustrum of an octagonal pyramid is 48 
feet and the sides of its ends 26 and 19; required the solid 
content. • . Ans. 118279 cubic feet. 
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9. The sides of the ends of the frustrura of a 
square pyramid are 6 and 4 feet, and its slant 
length 20 feet, required its slant surface, 

4 x tZTe} *"*"■»•<*=■«■■ 

40 sum 
10 = £ length 

9) 400 

44f square yards. 
Note. The slant length is measured from the middle of 
one side to that of its corresponding Bide. 

10. The slant height of tower, in the form of 
a hexagonal pyramid, is 74 feet, each side of the 
base 7£, each side of the top 2\ feet ; required tlte area of the 
sides, and the expense of painting it at \s. 3d. per square yard. 

Ans. 2220 square feet, and £\ 5 8s. 4d. 

1 1 . What is the convex surface of the frustrum of a cone, the 
slant height of the frustrum heing I2 - 5, and the circumferences 
of the two ends G and 8"4 feet? Ans. 90 square feet. 

12. Required the convex surface of the frustrum of a cone, 
the side of the frustrum heing 10 feet 6 inches, and the circum- 
ferences of the two ends 2 feet 3 inches, nnd 5 feet 4 inches ? 

Ans. 39i& square feet. 

13. The perpendicular height of the frustrum of a cone is 3 
feet, and the circumferences of the base and top 9 and 6 feet ; 
required the whole surface? Ans. 68-35 square feet. 

Problem VI. 
To find the solidity of a wedge. 

Rule. — To the length of the edge add twice the length of 
the hack or base, and reserve the sum ; multiply the height of 
the wedge by the breadth of the base ; then multiply this pro- 
duct by the reserved sum, and take £ of the last product for the 
content. 

FORMULA. 

S = -J (2 I + I') It h, the symbols denoting the parts shown 
on the following figure. 

EXAMPLES. 

1 . What is the content in feet of a wedge, the altitude A P 
of which is 14 inches, its edge AB 21 inches, and the length of 
its base D E 32 inches, and its breadth CD 4^ inches ? 
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172s/l2 

lis 



5355 

892'5 Ans. in cubic inches. 
74-375 
G-197916 

■516493 Ans. in cubic feet, or little more than 
half a cubic foot. 

2. The edge and base of a wedge are respectively 9 feet, and 
5 feet 4 indies in length, the base is 2 feet 8 inches in breadth, 
and the height 3 feet 6 in. ; required the content of the wedge. 

Ans. 30 cubic feet, 1'. I". 4 W '. 

3. The height and length of edge, the length and breadth of 
base of a wedge are each 2 feet ; what is its solidity ? 

Ans. 4 cubic feet. 

Problem VII. 
To find the solidity of aprismoid. 

Definition. — The ends of a prismoid are parallel and dis- 
similar rectangles "~ 1 
frustrum of a wet 
cut off. 

Rule. — Add into one sum, the areas of the two ends and 4 
times the middle section parallel to them, and £ of that sum 
will be a mean area ; which being multiplied by the height, 
will give the content. 

Note. For the length of the middle section, take half tlio sum of the lengths 
of the two ends ; and for its breadth, take half the sum of the breadths of 
the two ends. 

FORMULA. 

S <= £ (LB + I& + 4M m), the symbols representing the 
parts shown 'in the following figure. 

EXAMPLE. 

I. How many cubic feet are there in a Btone, the ends of 



trapezoids ; the solid is, therefore, the 
•-, the part of the wedge next the edge being 
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which are rectangles, the length and breadth of the one being 
14 and 12 inches ; and the corresponding sides of the other 6 
and 4 inches : the perpendicular height being 30£ feet? 



14 


10 


6 


12 


S 


4 


168 


SO 


24 




4 






320 
168 






24 






5) 512 





\ 




2. What is the content of a railway coal waggon, of which 
the length and breadth at top are 81£ and 55 inches at bottom, 
the length and breadth are 41 and 29*- inches, and the height 
47£ inches? Am. 73^ cubic feet. 

Note. Several railway cuttings ore in the form of a priamoid, with dissimi- 
lar trapezoidal ends. The following is an example of this kind, the bottom 
width being the same throughout. 

3. The top widths of a railway cutting are 120 and 90 feet, 
their respective depths 30 and 20 feet, the bottom width 30 feet, 
and the length of the cutting 3 chains or 66 yards ; required the 
content in cubic yards'. Arts. 12466f cubic yards. 

Problem VIII. 

To Jind the solidity of a sphere or globe. 

Rule. — Multiply the cube of the diameter by -5236. 



FORMULA. 



3 = £ D 3 w, and D = 3 V 



,6 8 
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EXAMPLES. 

1, The diameter of a sphere is 12 feet re- 
quired its solidity ? 

12 s x -5236 = 904-7808 cubic feet. 

2, Find the content and weight of an ivory 
hall 3j inches in diameter, the weight of ivory 
being 1820 ounces (Av.) per cubic foot. 

Am. Content 22-448 mbie in., and weight 24 ounces nearly. 
3. A 2^ inch cube of ivory is turned into a sphere of the 
same diameter ; what weight of ivory will be lost 1 



4. Required the solid content of the earth, supposing its cir- 
cumference to be 25000 miles ? 

Am. 263858149120 cubic miles. 



Problem IX. 
To find the solidity of a spherical Si 



Rule. — To three times the square of the radius of its base, 
add the square of its height ; then multiply the sum by the 
height, and the product again by -5236. 

formula. 

S = £ (3 r 9 + A 2 ) A jt, in which r = AB, and h = CD. 

EXAMPLES. 

1 . Required the content of a spherical segment, its height 
being 4 inches, and the radius of its base S ? 




8 


4 


■5236 


8 


4 


832 


64 


16 


10472 


3 


192 


15708 






41888 


192 


208 






4 


435-6352 




832 





2. What is the solidity of the segment of a sphere, the height 
of which is 9, and the diameter of its base 20 feet ? 

Am. 1795-4244 cubhfeet. 

3. Required the content of the spherical segment, the height 
of which is 21, and the diameter of its base 8-61684 feet? 

Am. 71-5695 cubic feet. 
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Problem X. 

To find the solidity of a spherical zone or frustrum. 

Rule. — Add together the square of the radius of each end, 
and % of the square of their distance, or of the height ; then 
multiply the sum by the said height, and the product again by 
1-5708. 

FORMULA. 

S = £{3 (B? + r>) + t?}hn. 

EXAMPLES. 

1 . What is the solid content of a zone, its greater diameter 
being 12 inches, the lesser 8, and the height 10 inches? 

6= = 36 
4 3 _ 16 
I x I0 3 = 334 

85£ 

85£ x 10 x 1-5708 ■= 134Q-416 cubic in., 
the content required. 

2. Required the content of a zone, the greater diameter is 12, 
less diameter 10, and height 2 feet. Ant. 195-8264 cubic ft. 

3. What is the content of a middle zone, the height being 8 
feet, and the diameter of each end 6 feet? 

Ans. 494-2784 citbic ft. 

4. A cask is in the form of the middle zone of a sphere, its 
top and bottom diameters being 5 feet 8 inches, and its height 
5 feet, inside measure ; how many gallons will it contain ? 

Am. 1193J gallons. 

Problem XI. 

To find the convex surface of a sphere, also of a segment and 
zone thereof. 

For the sphere. 
Rule. — Multiply the square of the diameter by 3-1410. 

For the segment or zone. 
Rule. — Multiply the circumference of the whole sphere by 
the height of the segment or zone. 
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FORMULA. 

c 2 

A = eP* = c d— — for the sphere. 

A = d k 77 = c k for the segment or zone. 

EXAMPLES. 



1 . Required the convex surface of a sphere, the diameter of 
which is 2 feet. 

2 3 X 3-1416 = 12-4264 square feet. 

2. The circumference of a spherical stone is 4 feet, required 
its convex surface. 

Here - = 4 2 -h 3-1416 = 5-0928 square feet. 

3. Required the area of the surface of the earth, its diameter 
or axis being 7957J miles, and its circumference 25000 miles. 



4. The axis of a sphere being 42 inches, what is the convex 
superficies of the segment, whose height is 9 inches? 



5. Required the convex surface of a spherical zone, the breadth 
or height of which is 2 feet, and cut from a sphere of 12J feet of 



To find the solidity of a -circular spindle. 
Rule. — From £ of the cube of the length AB subtract twice 
the product of the area of the circular segment A C B and the 
central distance EO, and multiply the difference by 3-1416 for 
the solidity. 



Ans. 198943750 square miles. 



Ana. 1187-5248 square inches. 



diameter. 



Ans. 78-54 square feet. 



Problem XII. 



j FORMULA. 



S = { £ A W - 2 E O area of seg. A C B) 



C Note. The central distance E O, and 




the area of the segment A C B may be 



. — 1 EXAMPLES. 
*L - J j The ]ength A g of a df _ 

'* ' cular spindle is 24 feet, and its 

middle diameter C D = 18; what is its content ? 



Diameter HI = ~ + CE=if- + 9 = 25 feet. 
C E 9 



Digitized by Google 



MENSURATION OF SOLIDS. 



69 



Then, by Rule II., Prob. VIII., page 45, 

9"-h 25 = -36 = tabular height or versed sine. 

The area of corresponding seg. Tab. I, is -25455, which mul- 
plied by H I- = 25 2 gives = 159-09375 = area of seg. A C IS. 

Now' E 0 = C O — CE=V- 9 = 35, or 2 E O = 7. 

Whence S=(|AB J -2EO X area of seg. A C B) w = 
(' 24 3 — 7 x 159-09375) x 3-1416 = 3739}- cubic feet. 

2. The length of the circular spindle is 6 feet, and its middle 
diameter 2£ feet; required the content? Jns. 16£ eft. nearly. 
Problem XIII. 

To find the content of the middle zone or frustrum of a circular 
spindle. 

Rule. From thrice the square of the length of the whole 
spindle subtract the square of the length of the middle frustrum, 
and multiply the difference by 
i of the said length of the 
frustrum. Again, multiply F 
four times the central distance 
by the area of the middle sec- 
tion ADECB P.— Subtract 
the latter product from the 
former, and multiply the re- 
mainder by *7854 for the con- 
tent. 

Note. The middle frustrum of a circular spindle is one of ihe varieties of 
casks in guaging, the practical rule for finding the content of which, though 
not so strictly accurate, is much more concise than the one just given. 
(See Guaginff). We shall, therefore, not give an example worked out at 
length, as in the preceding Problems, hut shall gi»e, for the exercise of the 
student, the following 

-EXAMPLE. 

How many gallons (Imperial) are contained in a cask, in the ' 
form of the middle frustrum of a circular spindle, its head dia- 
meter (A D) being 12, its bung diameter (E F) 16, and its 
length (D 0) 20 inches? Ans. 12-6 gallons. 

Problem XIV. 

To find the convex surface of a circular spindle A C B D, 
(fig. to Prob. XII.) or of any segment A P D, or zone A D C E, 
(fig. to Prob. XIII.). 

FOBMUL.E. 

Let I — length of the spindle, segment, or zone, a = its re- 
viving arc, r = the radius of the generating circle, and c = 
the central distance : then A = 2 (/ r — a c.) jr. 
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"What is the surface of a circular spindle, the length of which 
is 24, and its middle breadth 18 feet? Ant. 1181} sq.ft. 

Problem XV. 

To find the solidity of a cylindrical ring. 

To the thickness of the ring, add the inner diameter ; then 
multiply that sum by the square of the thickness, and the pro- 
duct again by 2'4C74, or \ of the square of 3*1416, for the 
solidity. 

FORMULA. 

Let B and r be the inner and outer radii of the ring ; then 
S = J(B-r) ! (R+ »V> 

EXAMPLES. 

1. Required the solidity of a 
ring, the inner diameter being 
12 and the thickness 2 inches. 

(12 + 2) X 2 2 X 2-4674. 
138' 1744 square inches. 

2. "What is the content of n 
ring, the thickness of which is 
4, and inner diameter 1 6 feet ? 

* Ans. 789-568 square feet. 
Problem XVI. 
To find the surface of a cylindrical ring. 
Rule. — Multiply the sum of the outer and inner radii of the 
ring by their difference, or the thickness of the ring, and the 
product by 9-8636, or the square of 3-1416 for the surface. 




: (R + r) (R — r) tt 2 . 



1 . The inner and outer radii of a ring are 6 and 8 inches ; 
required the area of its surface. 

{S + 6) (8 — 6) X 9-8696 = 276-31SS sq. inches. Ans. 

2. "What is the surface of a ring, the .inner diameter of which 
is 16, and the thickness 4 inches? Am. 789-568 sq. in. 

Problem XVII. 

To find the solidity of a spheroid. 

Square the revolving axis, multiply that square by the fixed 
axis, and multiply the product by -5236 for the content. 
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FORMULA. 

8*} r 3 / t, r being the revolving axis, and f the fixed axis. 

Note. In Hie prolate Bpheroid, the revolving asis is the conjugate ; but, in 
the oblate, the revolving axis is the transverse. 

EXAMPLES. 

1 . Required the solidity of the prolate spheroid A C B D, the 
axes being A B 50 and C D 30. 
30 -5286 
30 45000 



900 26180000 
50 20944 



45000 235G2-0000 Ans 

2. Required the content of an oblate spheroid, the axes of 
which are 50 and 30 inches. Ans. 22-7257 cubic feet. 

3. What is the solidity of a prolate spheroid, the axes of 
which are 9 and 7 feet 1 Ans. 230-9076 cubic feet. 

4. The earth is an oblate spheroid, the equatorial and polar 
axes being 7925£ and 7899 miles respectively; what is its con- 
tent in cubic miles ? 

Problem XVIII. 
To find the content of the middle zone of a spheroid, the ends 
being circular and perpendicular to the fixed axis. 

Rule. — To double the square of the middle diameter, add the 
square of the diameter of one end; multiply this sum by the 
length of the frustrum, and the product again by -2618 for the 
content. 

Note. The middle zone or frustrum of a spheroid is one of the varieties 
of casks in gauging. 

EXAMPLES. 

1 . Required the content of the middle zone of a spheroid, the 
middle diameter being 30, the diameter of each end 18, and the 
length 40 inches. . Ans. 22242-528 cubic inches. 

2. How many gallons are contained in a cask in the form of 
the middle zone of a spheroid, the bung and head diameters 
being 20 and 16 inches, and the length 18 inches, all internal 
measures ? Ans. 1 7fg- imperial gallons. 
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Problem XIX. 
To find the solidity of a paraboloid. 

Note. A paraboloid is generated by the revolution of a parabola on its axis. 

Rule.- — Multiply the square of the diameter of the base by 
the height or axis, and the product again by -3927 for the 
content. 

EXAMPLE. 

What is the content of the parabolic conoid, the height of 
which ia 42, and the dinmeter of its base 24 ? 

Am. 950O-1984. 

Problem XX. 

To find the solidity of the frustrum of a paraboloid. 

Rule. — Square the diameter of the two ends, add those two 
squares together, multiply that sum by the height, and the pro- 
duct again by "3927, for the content. 

EXAMPLES. 

1 . Required the content of a paraboloidnl frustrum, the dia- 
meters being 20 and 40, and the height 22£ inches? 

- Ans. 17 67 \± cubic inches. 

2. What is the content of the frustrum of a paraboloid, the 
greatest diameter being 30, the least 24, and the altitude 9 ? 

Ans. 5216-G268. 

Problem XXI. 

To find the superficies or solidity of a?iy regular body. 

Rule I. — Multiply the proper tabular area (taken from the 
following table) by the square. of the linear edge of the solid, 
for the superficies. 

Rule II. — Multiply the tabular solidity by the cube of the 
linear edge, for the solid content ? 





RFACES AND SOLIDITIE 


S OF REGULAI 




No. of 
facea. 


Names. 


Surfaces. 




4 ' 




1-73205 


0-11785 


6 


Hexahedron or Cube. . 


6'00000 


1 -00000 


8 




3-46410 


0'47140 


12 




20-64573 


7-66312 


20 




8-66025 


2-18169 



Note. These are frequently called the Platonic bodies. 
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EXAMPLES. 

1. If the linear edge or side of a tetrahedron be 3 feet, re- 
quired its surface and solidity? 

1-73205 X 3 3 = 15-58845 square feet = surface. 
0-11785 X 3 3 = 3-18195 cubicfeet = solidity. 

2. What are the superficies and solidity of the octahedron, 
the linear side of which is 2 feet ? 

. /Superficies 13'85G4 square feet. 
Ans - \ Solidity 3-7712 cubicfeet. 

3. What are the surfaces and solidities of a dodecahedron 
and icosahedron, each of the linear sides of which are 2 feet ? 



Ant. 



, y, , , . f Surface'. . . .82-583 square feet. 

I Dodecahedron . . j So]iditjr . . . . 61 . 305 Zicfiel. 

1 i^^Arnr, ) Surface . . . . 34-641 square feet. 
L Icosahedron. . . . | %omty ^ .. .17.453 c U ic f eet . 



THE SLIDING OR CARPENTERS' RULE. 

This instrument is otherwise called the sliding rule, and it is 
made use of in measuring of timber and artificers' works, both for 
taking the dimensions, and computing the contents. 

The instrument consists of two equal pieces, each a foot in 
length, which are connected together by a folding joint. 

One side or face of the rule, is divided into inches, and half 
quarters or eights. On the same face also are several plane 
scales divided into 12th parts by diagonal lines ; which are used 
in planning dimensions that are takeii in feet and inches. The 
edge of the rule is commonly divided decimally, or into tenths ; 
namely, each foot into 10 equal parts, and each of these into 10 
parts again : so that, by means of this latter scale, dimensions are 
taken in feet, in tenths and hundredths, and then multiplied as 
common decimal numbers, which is the best way. 

On the one part of the other face are four lines, marked A, B, 
C, D ; the two middle ones, B and C, being on a slider, which 
runs in a groove made in the stock. The same divisions serve 
for both these two middle lines, the one being above the numbers, 
and the other below. 

These four lines are logarithmic ones, and the three A, B, C, 
which are all equal to one another, are double lines, as they pro- 
ceed twice over from 1 to 10. The other or lowest line D, is-a 
single one, proceeding from 4 to 40. It is also called the 
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CARPENTERS' ROLE. 



girt line, from its use in computing the contents of trees and 
timber. 

On the other part of this face there is a tahle of the value of 
a load, or 50 cubic feet of timber, at all prices, from 6 pence to 
'2 shillings a foot. 

When I at the beginning of any line is accounted 1, or unit, 
then the 1 in the middle will be 10, and the 1 at the end 100 ; 
and when 1 at the beginning is accounted 10, then the 1 in the 
middle is 100, and the 1 at the end 1000: and so on. All the 
smaller divisions being altered proportionally. 

Problem I. 
To multiply numbers tot/ether. 

Suppose the two numbers 13 and 24. — Set 1 on B to 13 on 
A; then against 24 on B stands 312 on A, which is the re- 
quired product of the two given numbers 13 and 24. 

Note. In any operations, when a number runs beyond the end of the line, 
seek it on the other radius, or other part of the line ; that is, take the 10th 
part of it, or the 1 00th part of it, &c, and increase the result proportionally 
10 fold, or 100 fold, &c. 

In like manner the product of 35 and 19 is 665. 
And (he product of 270 and 5* is 14580. 

Problem II. 

To divide by the sliding rule. 

As suppose to divide 312 by 24. — Set the divisor 24 on B to 
the dividend 312 on A; then against 1 on B stands 13, the 
quotient, on A. 

Also 396 divided by 27 gives 14'G. 

And 741 divided by 42 gives 17'G. 

Problem III. 
To square any number. 

Suppose to square 23. — Set 1 on B to 23 on A ; then against 
23 on B, stands 529 on A, which is the square of 23. 

Or, by the other two lines, set 1 or 100 on C to the 10 on 
D, then against every number on D, stands its square in the line 
C. So, against 23 stands 529 
against 20 stands 400 
against 30 stands 900 
and so on. 

If the given number be hundreds, &c, reckon the 1 on D for 
100, or 1000, &c, then the corresponding 1 on C is 10,000, or 
100,000, &c. So the square of 230 is found to be 52,900 
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Problem IV. 

To extract the square root. 

Set 1 or 100, &c, on C to 1 or 10, &c, on D ; then against 
every number found on C, stands its square root on D. 
Thus, against 529 stands its root 23 

against 400 stands its root 20 

against 900 stands its root 30 

against 300 stands its root 17.3 

and so on. 

Problem V. 

To find a mean proportional between two numbers. 

As suppose between 29 and 430. — Set the one number 29 on 
C to the same on D ; then against the other number 430 on C, 
stands their mean proportional 111 on D. 

Also the mean between 29 and 320 is 96 , 3. 

And the mean between 71 and 274 is 139. 

Problem VI. 

To find a third proportional to two members. 

Suppose to 21 and 32. — Set the first 21 on B to the second 
32 on A; then against the second 32 on B stands 48 8 on A; 
which is the third proportional sought. 

Also the third proportional to 17 and 29 is 49 - 4. 

And the third proportional to 73 and 14 is 2-5. 

Problem VII. 

To find a fourth proportional to three numbers : or, to perform 
the Rule-of -Three. 

Suppose to find a fourth proportional to 12, 28, and 114. — 
Set the first term 12 on B to the second term 28 on A; then 
against the third term 1 14 on B, stands 26C on A, which is the 
fourth proportional sought. 

Also the fourth proportional to 6, 14, 29, is C7'6. 

And the fourth proportional to 27, 20, 73, is 54-0. 



TIMBER MEASURING. 
Problem I. 

To find the area, or superficial content, of a board or plank. 
Multiply the length by the mean breadth. 

Note. When the board is tapering, add the breadth at the two ends to- 
gether, and take half the sum for the mean breadth. 

4 2 
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BY THE ELIDING RULE. 

Set 12 on B to the breadth in inches on A ; then against the 
length in feet on B, is the content on A, in feet and fractional 
parts. 

EXAMPLES. 

1. What is the value of a plank, at \\d. per foot, whose 
length is 12 feet G inches, and mean breadth 11 inches? 

By decimals. By duodecimals. 

12-5 12 6 

11 II 



I 137-5. \\d. is : 

11-46 



l\d. is || \s.5d. Vns. 



5 IB. is 



Is. Qd. 
0 J 



| Is. od. Ans. 

BY THR SLIDING RULE. 

As 12 B : II A : : 12£ B : 11£ A. 
■That is, as 12 on B is to 11 on A, so is 12£ onB to 1 1| on A. 

EXAMPLES. 

2. Required the content of a board, whose length is 11 feet 2 
inches, and breadth I foot 10 inches. 

Ans. 20 feet 5 inches 8". 

3. What is the value of a plank, which is 12 feet 0 inches 
long, and 1 foot 3 inches broad, at 2\d. a foot? 

Ans. 3s. 3%d. 

4. Required the value of five oaken planks at 3d. per foot, 
each of them being 1 7£ feet long ; and their several breadths 
as follow, namely, two of lSJ inches in the middle, one of 14£ 
inches in the middle, and the two remaining ones, each 18 inches 
at the broader end, and 11£ at the narrower. 

Ans. £\ 5s. Sd. 

Problem II. 

To find the solid content of squared or four-sided timber. 

Multiply the mean breadth by the mean thickness, and the 
product again by the length, and the last product will give the 
content. 

BY THE SLIDING RULE. 
C D D C 

Aa length : 12 or 10 : quarter girt : content. 

That is as the length in feet on C, is to 12 on D when the 
quarter girt is in inches, or to 10 on D when it is in tenths of 
feet ; so is the quarter girt on D, to the content on C. 
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Note 1. If the tree taper regularly from the one end to the other, either 
take the mean breadth, and thickness in the middle, or take the dimensions at 
the two ends, and half their sum for the mean dimension. 

Note 2. If the piece do not taper regularly, but is unequally thick in some 
parts and.small in others ; take several different dimensions, add them all toge- 
ther ; and divide their sum by the number of them, for the mean dimension. 

Note 3. The quarter girt is a geometrical mean proportional between the 
mean breadth and thickness, that is the square root of their product. Some- 
times unskilful measurers use the arithmetical mean instead of it, that-ia half 
their sum ; but this is always attended with error, and the more so as the 
breadth and depth differ the more from each other. 

1. The length of a piece of timber is 18 feet G inches, the 
breadths at the greater and less end 1 foot 6 inches and 1 foot 
3 inches, and the thickness at the greater and less end 1 foot 
3 inches and 1 foot : required the solid content. 



Decimals. Duodecimals. 
1-5 1 6 

1-25 1 3 

2) 275 2)2 9 

1-375 mean breadth 1 4 G 



1-25 1 3 

I* 0 10 

2) 2-25 2) 2 3 



1-125 mean depth 1 1 G 

1-375 mean breadth 1 4 G 



5625 1 1 6 
7875 4 G 

3375 G 9 

1125 



1-5468875 
18-5 


length 


1 G 

18 G 


6 


9 


7734375 










12375000 




27 10 


1 


G 


1546875 




9 


3 


4 



28-6171875 


content 


28 7 4 




Y THE SLIDING RULE. 








As 1 : 13^- : 


16* : 


22-3, the mean square. 








As 1 : 1 : 


223 : 


14-9, quarter girt. 




D 




As 1P| : 12 : 


14-9 : 


28-G, the content. 
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2. What is the content of the piece of timber, whose length 
feet, and the mean breadth and thickness each 1*04 feet? 

Ana. 26% feet. 

3. Required the content of a piece of timber, whose length is 
20 38 feet, and its ends unequal squares, the side of the greater 
being 19^, and the side of the less 9£ inches, 

Ana. 297-56 feet. 

4. Required the content of the piece of timber, whose length 
is 27-36 feet; at the greater end the breadth is T78, and the 
thickness 123; and at the less end the breadth is 1-04, and 
thickness 0.91. Ana. 41-278 feet. 

Problem III. 

To find the aolidity of round or unaquared timber. 

Rule I., or. common rule. — Multiply the square of the 
quarter girt, or of £ of the mean circumference, by the length, 
for the content. 

BY THE SLIDING RULE. 

As the length upon C : 12 or 10 upon D : : quarter girt, in 
12ths or lOths, on D : content on C. 

Note. 1. When the tree is tapering, take the mean dimensions as in the 
former Problems, cither by girting it in the middle, for the moan gitt, or at 
the two ends, and take half the sum of the two. Gut when the tree is very 
irregular, divide into several lengths and find the content of each part sepa- 
rately : or else, add all the girts together, and divide the sum by the number 
of them, for the mean girt. 

Note 2. This rule, which is commonly used, gives the answer about i less 
than the true quantity in the tree, or nearly what the quantity would he after 
the tree is hewed square in the usual way ; so that it seems intended to make 
an allowance for squaring the tree. When the true quantity is desired, use the 
2nd Rule given below. 

EXAMPLES. 

1 ■ A piece of round timber being 9 feet 6 inches long, and its 
mean quarter girt 42 inches ; what is the content ? 



Decimals. Duodecimals. 

3-5 quarter girt 3 6 

3.5 3 0 

175 10 6 

105 1 9 

12-25 12 3 

9-5 length 9 6 

6125 110 3 

11025 6 1 6 



116-375 content 116 4 0 
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BY THE SLIDING RULE. 
CD DC 

As 9 5 : 10 : : 35 : 1I6| 
Or 9 5 : 12 : : 42 : ll&L 

2. The length of a tree is 24 feet, its girt at the thicker end 
14 feet, and at the smaller end 2 feet; required the content. 

Ans. 96 feet. 

3. What is the content of a tree, whose mean girt is 3" 15 
feet, and length 14 feet 6 inches? Atut. 89929 feet. 

4. Required the content of a tree, whose length is 17£ feet, 
which girts in five different places as follows, namelv, in the 
first place 943 feet, in the second 7'92, in the third 6*15, in the 
fourth 4-74, and in the fifth 3"I6. Ana. 42'5195. 

Rule II. — Multiply the square of £ of the mean girt by 
double the length, and the product will be the content, very 
near the truth. 

BY THE SLIDING RULE. 

As the double length on C : 12 or 10 on D :: -J- of the girt, 
in 12ths or lOths, on D : content on C. 

EXAMPLES. 

1. What is the content of a 



indies, and its mean girt 14 feet? 
Decimals. 

2-8 } of girt 
2-8 


Duodecimals. 
2 9 7 
2 9 7 


224 
56 




5 
2 


7 2 
1 3 


7-84 
19 

7056 
784 






1 8 




7 
19 


10 1 


148'96 


content 


148 


11 7 



BY THE SLIDING RULE. 
D D 



c 



As 19 : 10 
Or 19 : 12 : : 33-^ : 149 

2. Required the content of a tree, which is 24 feet long, and 
mean girt 8 feet. Ana. 123-88 feet. 
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3. The length of a tree is 14^- feet, and mean girt 3*15 feet; 
what is the content 1 Am. lV5lfeet. 

4. The length of a tree is \7} feet, and its mean girt 6'28 ; 
■what is the content? Am. 54-425 feet. 



ARTIFICERS' WORK. 

Artificers compute the contents of their works by several 
different measures. 

As glazing by the square foot. 

Painting, masonry, plastering, paving, Sec, by the yard of 9 
square feet. 

Flooring, partitioning, roofing, tiling, &c., by the square of 
100 square feet. 

And brick-work, either by the yard of 9 square feet, or by the 
square rod of 272£ square feet, or 30y square yards, being the 
square of the rod of 1C-J- feet or 5£ yards long. 

As this number 272^ is a troublesome number to divide by, 
the i is often omitted in practice, and the content in feet divided 
only by the 272. But when the exact divisor 272£ is to be used, 
it will be easier to multiply the feet by 4, and then divide suc- 
cessively hy 9, 11, and 11. Also to divide square yards by 30£, 
first multiply them hy 4, and then divide twice by 1 1. 

All works, whether superficial or solid, are computed by the 
rules proper to the figure of them, whether it be a triangle, or 
rectangle, a parallelopiped, or any other figure. 



BRICKLAYERS' WORK. 

Brick-work is usually estimated by the rod at the rate of a 
brick and a half thick ; so that if a wall be more or less than this 
standard thickness, it must be reduced to it, as follows ; Multiply 
the superficial content of the wall by the number of half bricks 
in thickness, and divide the product by 3. And to find the su- 
perficial content of a wall, multiply the length by the height in 
feet, and divide the product by 272, for the content in rods. 

Chimneys are by some measured as if they were solid, deducting 
only the vacuity from the hearth to the mantle, on account of the 
trouble of them. 

All windows, doors, &c, arc to be deducted out of the contents 
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of the wall in which they are placed, and a distinct charge must 
be made for window heads, sills, quoins, &c. 

A rod of brickwork of standard thickness contains about 305 
cubic feet, and 4,500 bricks, making due allowance for mortar 
joints, &c. Assuming the cost of' bricks at the kiln to be SGs. 
per thousand, the cost of bricks per rod will be 3G*. x A\ = 
£8 2s. The cost for building & rod of brickwork may be taken 
at 3Gs. The cost of cartage and mortar varies with the locality 
of the building, this may be taken to average about 20«. per rod. 
These items being collected, there results — 

£ s. d. 

Cost of bricks . . . . = 820 
Cost of labour . . . . = 1 10 0 
Cost of cartage and mortar . . = 100 



10 18 0 

Profit at 10 per cent . . . = 1 1 10 



Cost per rod . . . . = 11 19 10,or£12 
per rod. 

Note.— The student must, of course, make his estimation according to tne 
locality of t\f. huihlLng, i hi.; lining only a specimen of the method adopted by 
intelligent architects and builders. 

EXAMPLES. 

1 . How many rods of standard brickwork are in a wall whose 
length or compass is 57 feet 3 inches, and height 24 feet 
G inches ; the walls being 2^ bricks, or 5 half bricks thick ? 



Decimals. 


Duodecimals. 


57'25 




3 


24-5 


24 


6 


28625 


234 


0 


22900 


114 




11450 


28 


7 6 


1402-625 


1402 


7 6 



5 half bricks 5 



3 I 7013-125 3 I 7013 1 G 

272 | 2337-7081 square feet. 272 | 2337 8 G 



8-594 rods. Sr. 1 61/1. 8' C" 

2. A triangular gable is raised I7-J- feet high, on an end wall 
whose length is 24 feet 9 inches, the thickness being 2 bricks ; 
required the reduced content in square yards. Atu, 320'8£ yds. 
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3 The end wall of a house is 28 feet 10 inches long, and 55 

feet 8 inches high to the eaves, 20 feet high is 2£ bricks thick, 

other 20 feet high is 2 bricks thick, and the remaining 15 feet 

8 inches is 1£ brick thick, above which is a triangular gable of 

1 brick thick, which rises 42 courses of bricks, of which every 

four courses make a foot. "What is the whole content, and cost 

„f jmo m A7 j«. / 235-62 yards, and 8-384 rods. 

at £1 2 per rod ? Ant. | Coat £ \ m 1& ^ 



MASONS' WORK. 

To masonry belongs all sorts of stone work ; and the measure 
made use of is a square foot or square yard. 

Walls, columns, blocks of stone or marble, &c, arc measured 
by the cubic foot, and pavements, slabs, chimney-pieces, &c, by 
the superficial or square foot. 

Cubic or solid measure is used for the materials, and square 
measure for the workmanship. 

In the solid measure, the true length, breadth, and thickness, 
are taken, and multiplied continually together. In the super- 
ficial, there must be taken the length and breadth of every part 
of the projection, which is seen without the general upright face 
of the building. 

The cost of stones for walling varies with the locality, as 
already noticed in bricklayers' work. 

A square yard of rubble walling. 2 - feet thick weighs 1£ tons, 
and assuming the cost of rubble stoues at the quarry to be 6d. 
per ton, the cost of cartage Is. per ton, the cost of mortar 4d., 
and that of labour 1*. Sd. per square yard, we shall have the fol- 
lowing 

Estimate for a square yard of nibble walling 2 feet in thickness. 

s. d. 

Cost of materials . . ==■ Gd. X 1J = 0 7\ 
Cost of cartage . . =: Is. X \\ = 1 3 

Cost of labour = 18 

Cost of mortar = 04 

3 10J 

Profit at 10 per cent . . .-. = 04} 

Total cost per square yard . . . = 43 
An additional charge must be made for quoins, window heads 
and sills, when used in houses constructed of rubble work : also, 



carpenters' and joiners' -work. S3 

when the fronts of houses are constructed entirely with Ashler 
work, a separate estimate must be made for it. Ashlers usually 
average 9 inches in the bed, this width must, therefore, be de- 
ducted from whole width of the wall, and the remainder estimated 
as rubble work, to which the additional cost at the quarry, and 
of hewing the ashler, must be added. 



1 . Required the square yards and cost of a rubble wall of the 
specified thickness, the length of which is 53 feet 6 inches, and 
the height 12 feet 3 inches, at 4s. 3d. per square yard. 

53-5 x 12-25 -r- 9 = 72'82 square yards, 
and 72-82 x At. 3d. = £15 9s. 5frf. cost. 

BY THE SLIDING RULE. 

B A B A 

9 : 53£ : : 12£ : 72f square yards. 

2. Required the value of a marble slab, at 8s. per foot ; the 
length being 5 feet 7 inches, and breadth I foot 10 inches. 

Am. £4 la. 10K 

3. In a chimney piece, suppose the length of the mantle and 

slab, each . . . . . . 4 ft. 6 in. 

breadth of both together . . .32 

length of each jamb . . . .44 

breadth of both together . . .19 

required the superficial content. Aits. 2\ft. 10m. 



CARPENTERS* AND JOINERS' WORK. 

To this branch belongs all the wood-work of a house, such as 
flooring, partitioning, roofing, &c. 

The large and plain parts are usually measured by the square 
of 100 feet; but enriched mouldings, and some other articles, 
are often estimated by running or lineal measure, and some things 
are rated by the piece. 

Joists are measured by, multiply the depth, breadth, and 
length all together, for the content of one joist ; multiply that 
by the number of the joists. Note, that the length of the joists 
will exceed the breadth of the room by the thickness of the wall 
and ird of the same, because each end is let into the wall about 
■|rd of its thickness. 

Partitions btc measured from wall to wall for one dimension. 
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and from floor to floor, as far as they extend, for the other ; then 
multiply the length hy the height. 

In measuring joiners' work, the string is made to ply close to 
every part of the work over which it passes. 

In roofing, the length of the rafters is equal to the length of 
a string stretched from the ridge down the rafter, and along the 
eaves-board, till it meets with the top of the wall. This length 
multiplied by the common depth and breadth of the rafters, gives 
the content of one, and that multiplied by the number of them, 
gives the content of all the rafters. 

Kingpost roofs, tifc., ail the timbers in a roof are measured 
in the same manner as the 
joists, &e., in flooring. In the 
annexed figure, representing 
a truss for a roof, all the 
beams, as the tie-beam, king- 
post, braces, &c., are mea- 
sured to their full lengths, 
breadths, and thicknesses, in- 
cluding the lengths of tenons ; also the parts cut out on each 
side of the king-post, to form abutments for the braces, are in- 
cluded; unless their lengths exceed 2 feet each by 3 inches 
breadth, when their solidities must be deducted, pieces of smaller 
size, being considered of little or no value, are, therefore, included 
in the measurement. 

For stair-cases, take the breadth of all the steps, by making 
a line ply close over them, from the top to the bottom ; and 
multiply the length of this line by the length of a step for the 
whole area. — By the length of a step, is meant the length of 
the front and the returns at the two ends ; and by the breadth, 
is to be understood the girt of its two outer surfaces, or the 
tread and rise. 

For the balustrade, take the whole length of the upper part 
of the hand-rail, and girt over its end till it meet the top of the 
newel po3t, for one dimension ; and twice the length of the 
baluster upon the landing, with the girt of the hand-rail, for the 
other dimension. 

For wainscoting, take compass of the room for one dimen- 
sion ; and the height from the floor to the ceiling, making the 
string ply close into all the mouldings, for the other dimension. 
— Out of this must be made deductions, for windows, doors, and 
chimneys, &c. 

For doors, it is usual to allow for their thickness, by adding 
it into both the dimensions of length, and breadth, and then 
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multiply them together for the area. — If the door be pannelled 
■ on both sides, take double its measure for the workmanship : 
but if one side only be pannelled, take the area and its half for 
the workmanship. — For the surrounding architrave, girt it 
about the outermost part for one dimension, and measure over 
it as far as it can be seen when the door is open, for the other. 
Window-shutters, bases, Sfc., are measured in the same 



1. Required the content of a floor 48 feet 6 inches long, and 
24 feet 3 inches broad. 

Decimals. Duodecimals. 

48-5 48 6 

24£ 24 3 

1940 204 0 

970 96 

12-125 12 1 6 



1176-125 feet 1176 1 6 

11*76125 squares Am. 11-76 I 6 

2. A floor being 36 feet 3 inches long, and 16 feet 6 inches 
broad, how many squares are in it? Ana. 5 squares 98% feet. 

3. How many squares are there in 173 feet 10 inches in 
length, and 10 feet 7 inches height, of partitioning 7 

Ans. 18-3972 squares. 

4. What cost the roofing of a house at 10s. 6d. a square; 
the length, within the walls, being 52 feet S inches, and the 
breadth 30 feet 6 inches : reckoning the roof f of the flat ? 

Ans. £12 12*. llftf. 

5. To how much, at 6*. per square yard, amounts the wain- 
scoting, of a room ; the height, taking in the cornice and 
mouldings being 12 feet 6 inches, and the whole compass 83 
feet 8 inches ; also the three window shutters are each 7 feet 8 
inches by 3 feet 6 inches, and the door 7 feet by 3 feet 6 inches; 
the door and shutters, being worked on both sides, are reckoned 
work and half work? Ans. £36 12a. 2<rf. 

6. In a naked floor there are 2 girders, each 20 feet long, 
and 1 foot 2 inches by 1 foot ; there are 1 6 bridging joists, each 
20 feet long, and 6| inches by 3 ; 16 binding joists, each 9 feet 
in length, and 8£ inches by 4 : 48 ceiling joists, each 6 feet 
long, and 4 inches by 2J: required the content in cubic feet. 

Ans. 144 cubic feet. 
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7. What will the wainscoting of a room cost at 4x. per square 
yard ; the height of the room, including cornice and the mould- 
ings, is 12£ feet and the compass 125% feet; there are three 
window shutters, each 7 feet 8 inches by 3£- feet, nnd the door 
7 feet by 3£ feet ; the door and shutters, being worked on both 
sides, arc reckoned half work additional? Am. £36 12*. 2\d. 



SLATERS' AND TILERS' "WORK. 

In these articles, the content of a roof is found by multiply- 
ing the length of the ridge by the girt over from eaves to eaves ; 
making allowance in this girt for the double row of slates at 
the bottom, or for how much one row of slates or tiles is laid 
over another. 

When the roof is of a true pitch, that is, forming a right 
angle at top ; then the breadth of the building with its half 
added, is the girt over both sides. 

In angles formed in a roof, running from the ridge to the 
eaves, when the angle bends inwards, it is called a valley ; but 
when outwards, it js called a hip. 

Deductions arc made for chimney shafts or window holes. 



EXAMPLES. 

1. Required the content of a slated roof, the length being 45 
feet 9 inches, and the whole girt 34 feet 3 inches. 

Decimals.- Duodecimals. 
45-75 45 9 

34^ 34 3 

18300 205 G 

13725 135 

1143/5 II 5 3 



9)1566-9375 feet 9)1566 11 3 

yards 174-104 174 ydt. 11' 3". 

2. To how much amounts the tiling of a house, at 25s. Gd. 
per square; the length being 43 feet 10 inches, and the breadth 
on the flat 27 feet 5 inches, also the eaves projecting 16 inches 
on each side, and the roof of a true pitch ? Ans. £24 9s. 5%d. 
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PLASTERERS' WORK. 

Plasterers' work is of two kinds, namely, ceiling, which is 
plastering upon laths ; and rendering, which is plastering upon 
walls : which are measured separately. 

The contents are estimated either by the foot or yard, or square 
of 100 feet. Enriched mouldings, &c, are rated by runuing or 
lineal measure. 

Deductions are to be made for chimneys, doors, windows, &c. 



1. How many yards contain the ceiling, which is 43 feet 3 
inches long, and 25 feet 6 inches broad? 



9) 1102'875 9) 1102 10 6 ' 

yards 122-541 Ans. \22yda. 4ft. 10' 6". 

2. To how much amounts the ceiling of a room, at \Qd. per 
yard ; the length being 21 feet 8 inches, and the breadth 14 feet 
10 inches? Am. £1 9a. Bid. 

3. The length of a room is IS feet 6 inches, the breadth 12 
feet 3 inches, and height 10 feet 6 inches ; to how much amounts 
the ceiling and rendering, the former at 8d. and the latter at 3d. 
per yard ; allowing for the door of 7 feet by 3 feet 8, and a fire- 
place of 5 feet square? Ans. £1 13s. 3d. 

4. Required the quantity of plastering in a room the length 
being 14 feet li inches, breadth 13 feet 2 inches, and height 9 feet 
3 inches to the under side of the cornice, which girts 8-J- inches, 
and projects 5 inches from the wall on the upper part next the 
ceiling ; deductiug only for a door 7 feet by 4. 



{5Zyd&, 5 ft. 3in. of rendering. 
18 5 6 of ceiling. 
39 of cornice. 
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PAINTERS' WORK. 

Painters' work is computed in square yards. Every part is 
measured where the colour lies ; and the measuring line is forced 
into all the mouldings and corners. 

Windows are done at so much a piece ; and it is usual to allow 
double measure for carved mouldings, &c. 



1 . How many yards of painting contains the room which is 
65 feet G inches in compass, and 12 feet 4 inches high? 

Ana. 89 yards 6 feet 10'. 

2. The length of a room'being 20 feet, its breadth 14 feet G 
inches, and height 10 feet 4 inches; how many yards of painting 
are in it, deducting a fire-place of 4 feet by 4 feet 4 inches, and 
two windows each G feet by 3 feet 2 inches: Am. 

3. What cost the painting of a room at Gd. per yard; its 
length being 24 feet G inches, its breadth 16 feet 3 inches, and 
height 12 feet 9 inches; aho the door is 7 feet by 3 feet 6, and 
the window shutters to two windows each 7 feet 9 by 3 feet 6, 
but the breaks of the windows themselves are 8 feet G inches 
high, and 1 foot 3 inches deep : deducting the fire-place of 5 feet 
by 5 feet 6? . Am. £S 3s. 10£tf. 



GLAZIERS' WORK. 
Glaziers take their dimensions either in feet, inches, and parts, 
or feet, tenths and hundredths. And they compute their work in 
square feet. 

In taking the length and breadth of a window, the cross bars 
between the squares are included. Also windows of round or 
oval forms are measured as square, measuring them to their 
greatest length and breadth, on account of the waste in cutting 
the glass. 

EXAMPLES. 

1. How many square feet contains the window which is 4'25 
feet long, and 2-75 feet broad? . 



Decimals. Duodecimals. 

2-75 2 9 

4* 4 a 

11-00 11 0 

•6875 8 3 



H-G875 Arts. 118-8 
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2. What will the glazing a triangular sky-light come to at 
10(2. per foot; the base being 12 feet 6 inches, and the perpen- 
dicular height 6 feet 9 inches? Ans. £\ 15s. lftf. 

3. There is a house with three tier of windows, three windows 
in each tier, their common breadth 3 feet 1 1 inches ; 

now the height of the first tier is 7 feet 1 0 inches, 
of the second 6 8 
of the third 5 4 
Required the expense of glazing at I4d. per foot. 

Am. £13 11*. 10J<*. 

4. Kequired the expense of glazing the windows of a house at 
1 3d. a foot ; there being three stories, and three windows in each 
story : the height of the lower tier is 7 feet 9 inches, 

of the middle 6 6 
of the upper 5 3 
and of an oval window over the door I 10§- 

The common breadth of all the windows being 3 feet 9 inches. 

Ana. £\2 5a. 6d. 



PAVIORS* WORK. 

Paviors' work is done by the square yard, and the content is 
found by multiplying the length by the breadth. 

EXAMPLES. 

1. What cost the paving a foot-path at 3s. Ad. per yard ; the 
length being 35 feet 4 inches, and breadth 3 feet 3 inches? 

Ana. Content 32 yards 3 feet 6'. Costco 7s. \\\d. 

2. What will be the expense of paving a rectangular court yard, 
whose length is 63 feet, and breadth 45 feet ; in which there is 
laid a foot path of 5 feet 3 inches broad, running the whole 
length, with broad stones, at 3s. a yard ; the rest being paved 
with pebbles at 2s. 6d. a yard? Ana. £40 5a. 10}d. 



PLUMBERS' WORK. 

Plumbers' work is rated at so much a pound, or else by the 
hundred weight of 112 pounds. 

Sheet lead used in roofing, guttering, &c., is from 7 to 121bs. 
to the square foot. And a pipe of an inch bore is commonly 
13 or 14 lbs. to the yard in length. 
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ARCHED AND VAULTED ROOFS. 



EXAMPLES. 

1. How much weighs the lead which is 39 feet 6 inches long, 
and 3 feet 3 inches broad, at 8^ lbs. to the square foot? 



Decimals. 


Duodecimals. 


39-5 


39 6 




3 3 




1185 




118 6 




9 10 


128-375 


128 4 


Si 


» 




1024 


1027 000 


64 


04-1875 


2* 




OH 



1091-1872 Ans. lbs. 

2. What cost the covering and guttering a roof with lead, at 
18*. the cwt. ; the length of the roof being 43 feet, and breadth 
or girt over it 32 feet; the guttering 57 feet long, and 2 feet 
wide: the former 9'831 lbs., and the latter 7'3731bs. to the 
square foot? Ans. £115 9$. l£rf. 

ARCHED AND VAULTED ROOFS. 
To find the concave surface of a circular, gothie, or elliptical 
vaulted roof. 

Rule, — Multiply the length of the arch by the length of the 
vault for the required surface. 

Note. — The length of the arch, for most practical purposes, is found by 
applying a small chord along its concavity, and then measuring its length. 
EXAMPLE. 

What is the concave surface of Caerfylly bridge, over the Taafe ; 
which is a segment of a circle, span 140, height 35, and width 12 
feet? Ana, 1944-4 aquore feet. 

To find the content of a circular, gothie, or elliptical roof. 
Rule. — Multiply the area of the end by the length of the 
roof for the content of the vacuity. 

To find the solid content of the materials. 
From the solid content of the whole arch take that of the 
vacuity for the solid content of the materials. 

EXAMPLE. 

Required the solidity of the vacuity and of the materials of a 
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circular vault ; span 36 feet, height 18 feet, thickness of walls 
at the spring 6 feet, thickness of crown 4 feet, and length of the 
vault 100 feet? 

, J 1884'96 cubic yards solidity of vacuity. 
' \ 202G15 cubic yards solidity of materials. 
To find the surface and solidity of a dome, the height and 
dimensions of the base being given. 

Rule. — Take twice the area for the surface, and multiply the 
area of the hase by -§rd of the height. 

Note. Although these ru!es are only true when the domes are hemi- 
spherical, yet they are sufficiently near the truth for all practical purposes. 
EXAMPLE. 

Required the surface and solidity of a hemispherical dome, the 
diameter of its base being 60 feet. 

. /Surface 314-16 square yards. 
A,ls - \ Solidity 2094-4 cubic yards. 
Note 1. The surface of a saloon is found in the same manner as a vaulted 
roof. 

Note 2. Rules might have been here given for (lie measurement of hay- 
stacks, coal-heaps, &c ; hut these may be readily resolved into two or more 
of those solids, the methods of finding the content of which are given in the 
Mensuration of Solids, Part IV. Moreover, haystacks are usually sold by 
weight, and seldom or never by measurement. 



SPECIFIC GRAVITY. 
The specific gravity of bodies are their weights when com- 
pared with an equal bulk of pure water, which, at the tempera- 
ture of 40°, weighs 1000 ounces avoirdupois per cubic foot. The 
following table, therefore, contains the weights of a cubic foot of 
several bodies in ounces. 



A TABLE OF THE SPECIFIC GRAVITY OF BODIES. 



Platinum . 




21470 


Light earth . . 1984 


Gold 




19260 


Solid Gunpowder . 1745 
Sand . . . 1520 


Mercurv . 




13600 


Lead ' . 




11325 


Coal . from 1030 to 1300 


Silver 




10470 


Pitch . . .1150 






9000 


Box-wood . . 1030 


Cast brass 
Steel 




8400 
7850 


Sea- water . . . 1030 
Common water . . 1000 


Iron 




7704 


Mahogany . . . 1065 


Cast Iron 




7065 


Oak 925 


Tin 




7320 


Ash . . . . 755 


Granite . 




3950 


Beech . . .700 


Flint Glass 




3000 


Elm .... 600 


Marble . 




2700 


Fir . . . . 540 


Freestone 




2500 


Cork .... 240 


Clay 




2160 


Air ... . 1 4 


Brick 




2000 
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To find the weight of a body from its bulk. 
Role. — Multiply the content of the body, in cubic feet, by 
its tabular specific gravity for its weight in avoirdupois ounces. 



EXAMPLES. 

1. Required the weight of a block of marble, whose length is 
63 feet, and breadth and thickness each 12 feet, being the dimen- 
sions of one of the stones in the walls of Balbec. 

63 X 12 a X 2/00 „ „ 

' ' 16 ~ x ~ li2x 20 — ' = " 83 r-f tons - which is equal to the 
burdenof a second rate East India ship. 

2, What is the weight of a block of dry oak, which measures 
10 feet long, and 3 feet by 2£ 1 Ans. 4336 lb. nearly. 

To find the magnitude of a body from its weight. 
Rule. — Divide its weight in avoirdupois ounces by its tabular 
specific gravity for its content in cubic feet. 



1. Required the content of an irregular block of freestone, 
which weighs 1 cwt. 

112 X 16 .. M 
2fiHf) = CUblC feet ' 



: 1228*8 cubic inches. 



2520 

2. How many cubic feet are there in a ton of dry oak ? 

Ans. 38||f cu ^ ie f eet - 

3. A cast iron pipe is 6 inches diameter in the bore and 1 inch 
in thickness ; required the weight of a running foot. 

Ans. 67-45 0*. 



LAND SURVEYING. 
Description of Instruments used for Measuring and 
Planning Surveys, 
the CHAIN. 

The chain, usually called Gunter's chain, is almost generally 
used in the British dominions, for measuring the distances re- 
quired in a survey. It is 06 feet, or 4 poles, in length, and is 
divided into 100 links, which are joined by rings. The length 
of each link, together with half the rings connecting it with the 
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adjoining links, is consequently ^ of a foot, or ^~21 =s7'92 

inches. At every tenth link from each cm! is attached a piece 
of brass with notches ; that at the tenth link has one notch, 
that at the 20th two notches, that at the 30th three, that at the 
40th four, the middle of the chain, or the 50th link being 
marked with a large round piece of brass ; hence, any distance 
on the chain may be readily counted. Part of the first link, at 
each end, is formed into a large ring for the purpose of holding 
it with the hand. 

The chain acquires extension by much use, it should there- 
fore, be frequently examined, and adjusted to the proper length 
by taking out some of the rings between the links : for this pur- 
pose, chains having three rings between each link are to be pre- 
ferred to those having only two. 

THE OFFSET STAFF. 

The offset staff is used to measure short distances, called offsets ; 
hence its name. It is usually ten links in length, the links 
being numbered thereon with the figs. 1, 2, 3, &c. It is 
usually pointed with iron at one end, for the purpose of fixing 
it in the ground, as an object for ranging lines, for marking 
stations, &c. 

THE CROSS. 

The cross is an instrument used by surveyors to erect per- 
pendiculars. It is usually a round piece of sycamore, box, or 
mahogany, about four inches in diameter, with two folding 
sights at right angles to each other, or more commonly with 
two fine grooves sawed at right angles to each other, which 
answer the purpose of sights. It is sometimes fixed ou a staff 
of convenient length for use, pointed with iron at the bottom, that 
it may be fixed firmly in the ground : but it is found more com- 
modious in practice to have a small pocket cross, which may be 
readily fitted to the offset-staff, cither by an iron spike on the cross 
being inserted in a hole made in the offset-staff, or the offset-staff 
being passed through a hole made in the cross, to about the 
eighth link from the piked end, at which place the staff must ho 
shouldered, that the cross may rest firmly. 

DIRECTIONS FOR MEASURING LINES Off THE GROUND. 

Besides the instruments already described, ten arrows must be 
provided, about 12 inches long, pointed at the end, so as to be 
readily pressed into the ground, and turned at the other end, so 
as to form a ring to serve for a handle. 



94 MEASURING LINES ON THE GROUND. 

In using the chain, marks are to be set up at the extremities 
of the line to be measured, as well as its intermediate points, if 
its extremities cannot be seen from one another, on account 
of hills, woods, hedges, or other obstructions. Two persons 
are then required by the surveyor to perform the measurement. 
The chain leader starts with the ten arrows in his left hand, 
and one end of the chain in his righfc; while the follower re- 
mains at the starting point, who, looking at the staff or staves, 
that mark the line to be measured, directs the leader to extend 
the chain in the direction of the staff or staves. The leader 
then puts down one of his arrows, and proceeds a second chain's 
length in the same direction, while the follower conies up to the 
arrow first put down. A second arrow being now put down 
by the leader, the first is taken up by the follower; and the 
same operation is repeated till the leader has expended all his 
arrows. Ten chains, or 1000 links, having now been measured 
and noted in the field book, the follower returns the ten arrows 
to the leader, and the same operation is repeated as often as 
necessary. When the leader arrives at the end of the line, 
the number of arrows in the follower's hand shows the number 
of chains measured since the last exchange of ar- 
rows noted in the field book, and the number of 7000 
links extending from the last arrow to the mark or 600 
staff at the extremity of the line, being also added, 83 

gives the entire measurement of the line. Tims, if 

the arrows have been exchanged seven times, and ' 7683 
if the follower have six arrows, and from the arrow last put 
down to the end of the line be 83 links, the whole measurement 
will he 7683 links, or 76 chains 83 links, which is usually 
written thus — 76 , 83 chains, the two last figures being decimals of 
a chain. 

In using the chain, care must be taken to stretch it always with 
the same tension, as it will extend by much use, and will there- 
fore require to be examined occasionally, and shortened, if neces- 
sary. But a good chain may be used several days on tolcrablv 
smooth ground, without any material extension. 

The surveyor must mark, or caused to be marked, every station 
on the line, while it is being measured, with a staff or cross on the 
ground, entering its distance in the field book. 

When a survey made for a finished plan, all remarkable 
objects should be noted down ; as buildings, roads, rivers, ponds, 
footpaths, gates, &c. 

The boundary of the estate measured ought to be carefully 
observed. If the ditch be outside the boundary fence, it usually 
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belongs to the estate, and sice versd; although this is not uni- 
formly the case ; therefore, inquiry ought to be made with re- 
spect to the real boundary. 

In some places five links from the hedge-post or roots of the 
quickwood are allowed for the breadth of the ditch, but this 
breadth varies to as far as even ten links, especially in swampy 
countries. 

All ditches and fences must be measured with the fields to 
which they belong, when the full quantity on the plan is re- 
quired : but when the growing crops only are to be measured, 
only so much as is occupied by the crops. 



Instruments for Laying Down or Plotting Surveys, 
the common drawing compasses. 
This instrument consists of two legs moveable about a joint, 
so that the points at the extremities of the legs may be set at 
any required distance from one another : it is used to transfer 
and measure distances, and to describe arcs and circles. 

Note. There are several other kinds of compasses, used for planning ; as 
those niih moveable points, for the introduction of black lead pencils, or ink 
points, beam compasses for taking large distances, proportional compasses, 
Stc, the uses of which are easily learned. (See Heather's Treatise on Mathe- 
matical Instruments.) 

PLOTTING SCALES. 

Plotting scales, also called feather-edged scales, are straight 
rulers, usually about 12 inches long. Each ruler has scales of 
equal parts, decimally divided, placed on its edges, which are 
made sloping, so that the extremities of the strokes marking 
the divisions lie close to the paper. The primary divisions re- 
present chains, and the subdivisions ten links each, the inter- 
mediate links being determined by the eye. Plotting scales may 
be procured in sets, each with a different number of chains to 
the inch. They are usually made of ivory or box, and each pro- 
vided with a small scale called an offset scale for laying down the 
offsets. In using these scales, the first division or zero, on the 
plotting scale, is placed coincident with the beginning of the line 
to be plotted, and so as just to touch that line with the feather- 
edge : the end of the offset scale is then placed in contact with 
the edge of the plotting scale ; and thus the offsets may be ex- 
peditiously pricked off; for which purpose an instrument called 
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FIELD BOOK. 



a pricker is used, but a hard black lead pencil with a fine point, 
is greatly to be preferred, as it does not injure the paper. 

The vernier scale and protractor, the uses of which will be 
readily understood, are best adapted to laying down extensive 
surveys, where great accuracy is required. (See Baker's Land 
and Engineering Surveying, Weale^s Series.) 

PLANNING SURVEYS. 

In planning or plotting surveys, the upper part of the paper 
or book, on which the plan is made, should always, if possible, 
be the north. The chain lines, buildings, fences, 4c, ought 
first to be drawn with a fine black lead pencil : the first should 
then be dotted with ink, and the latter neatly drawn. Great 
care is required in the construction of the plan, when the dimen- 
sions are to be measured therefrom with the scale. The scale 
should never be more than three chains to an inch, for when the 
parts of a plan are large, the dimensions may be taken with 
greater accuracy. After having found the content of the field or 
fields, &c, of which any plan consists, it may be laid down by 
any scale to give it a more convenient size. 

THE FIELD BOOK. 

The method now generally adopted iu scttiug down field notes, 
and which has long been found to be the best iu practice, is to 
begin at the bottom of the page and write upwards. 

Each page of the book is usually divided into three columns. 
The middle column is for distances measured on the chain line, 
at which hedges are crossed, or offsets, stations, or other marks 
are made; and in the right and left columns, those offsets, 
marks, and any other necessary observations thereon, must be 
entered, accordingly as they are situated on the right or left of 
the cbaiu-line. 

The crossing of roads, rivers, hedges, See., are, by some sur- 
veyors, shewn in the field book, by lines drawn across the mid- 
dle column at the distances where they are crossed, and by 
others these crossings are shewn by lines drawn ou part of the 
right and left hand columns, opposite the distances where they 
are crossed by-the chain line; and buildings, turns of fences, 
corners of fields, to which offsets are taken, arc usually shewn 
by lines sketched in a similar situation to the middle column, 
as the fences, buildings, &c, have to the chain line. Thus a re- 
presentation of the chief objects in the survey may be sketched 
in the field, which will give essential assistance in laying down 
the plan. The stations are usually numbered, for the sake 



Digiiized by Google 



LAND SURVEYING. 



97 



of reference, and marked thus Q. The bearing of the first main 
line is usually taken by surveyors, from which the position of 
the plan with respect to the north is determined. This may be 
done by a common pocket compass, where great accuracy is not 
required. 

B. of © 2, and L. of 0 5, &c, denote that the following 
lines are measured to the right of station 2, and to the left of 
Station 5, respectively. 



To Survey with the Chain and Cross. 

An acre of land is equal to 10 square chains, that is 10 chains 
in length and one in breadth, or 1000 links in leDgth and 
100 in breadth; an acre, therefore, contains 100,000 square 
links, as per table of square measure below. Hence the con- 
tents in square links are, in the following examples, divided by 
100,000, or what is the same thing 5 figures to the right arc 
cut off for decimals, the figures remaining on the left being 
acres. The decimals are then multiplied by 4 for rods, and 
again by 40 for poles. 

The following tables exhibit the number of chains and links 
in the different units of lineal measure, and the number of 
square chains and links in the different units of square 
measure. 



A TABLE OF LINEAR MEASURE. 





Feet. 


Yards. 


Polos. 






16} 


5i 


1 












Chains. 




100 


06 


22 


4 


1 














Furlongs. 


1,000 


660 


220 


40 


10 


1 


8,000 


5,280 


1,760 


320 


80 


8 



Mile. 



A TABLE OF SQUARE MEASURE. 



Lin!* 1 -. 


Sq. Feet. 


Sq. Yards. 


Sq. Polos 
or Perches 








■ 625 


272} 


30} 


1 






















10,000 


4,350 


484 


16 


Rods 




25,000 


10,890 


1,210 


40 


H 


















100,000 


43,560 


4,840 


100 


0 


4 


1 

Sq.Mile. 


64,000,000 


27,878,400 


3,097,000 


102,400 


0,400 


2,iG0 


640 | 1 



s 



AND SURVEYING 

Problem I. 



1. Let ABC be a triangle, of which tiie survey, plan, and - 
content are required. 

Set up poles or marks at the angles A, B, and C, and mea- 
sure from A towards B, and when at or near D, try with the 
cross for the place of the perpendicular C D ; plant the cross 
„ and turn it till the marks A 

and B can be seen through 
oneofthegrooves; then look 
through the other groove, 
and if the mark at C can 
be seen through it, the cross 
is in the right place for the 
perpendicular ; if not, move 
the cross backward or for- 
ward till the three marks can be seen as before directed. Sup- 
pose the distance A D to he 625 links, and the whole A B, to 
be 125? links; return to D, and measure the perpendicular 
D C, which suppose to be 628 links, thus completing the 
survey of the triangle. 

CONSTRUCTION. 

From a scale of equal parts,, or plotting scale, lay off the 
base AB= 1257 links; on which take A D = 625 links; at 
1) erect the perpendicular D C, which make = 628 links ; join 
AO, C B, then A B C is the plan of the triangle. 

TO FIND THE CONTENT. 

Rule. — Multiply the base by the perpendicular, and half the 
product will be the area. 

EXAMPLES. 

1. The dimensions being the same as found above, required 
the content. 

Am. 1257 X 628 -s- 2 = 3'94698 acres = 3a. 3r. 32y». 

2. The distance from the beginning of the base to the place 
of the perpendicular is 375 links, the whole base 954, and the 
perpendicular 246 ; what is the area of the triangle. 

954 X 246 ■+■ 2 = 1-17842 = la. Or. 27£p. the content. 

3. Measuring the base of a triangle the place of the perpen- 
dicular was found at 863 links, and its length 645 ; the whole 
base was 1434 links ; required the plan and area. 

Area. 4a. 2r. 20p. 
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Problem II. 

FIELDS IN THE FORM OF TRAPEZIUMS. 

Fields in this form are usually divided into two triangles by 
a diagonal, which is a base to both the triangles. 

Let A B C D be a field in the form of a trapezium, tlie plan 
and area of which is required. 

Measure from A towards C ; and let the place of the perpen- 
dicular m B be at 5-52, and its length 3*76, also let the place of 
the perpendicular n D be at II "82, and its length 3-44, and the 
length of the whole diagonal A C be 13*91 chains, which com- 
pletes the survey : but it is usual also to measure the other dia- 
gonal B D for a proof line, which is found to be 9*50 chains. 

Note 1. The construction of each of the tiro triangles, forming the trape- 
zium, is the same as the construction given to the first example in Frob. I. 

N'ote 2. The longer of the two diagonals should always he selected for tlie 
base of the two triangles forming the trapezium, for sometimes the perpen- 
dicular will not fall on the shorter diagonal, without its being prolonged ; and 
when this is the case with both diagonals, one of the sides may he taken for 
a base, or two of the sides, if necessary. 

TO FIND THE CONTENT. 

Rule. — Multiply the sum of the two perpendiculars by the 
diagonal, and half the product will be the content. 

EXAMPLES. 

1. Let the measurement of a trapezium be as above found, 
required the content. 
344 
376 

720 
1391 



27820 
9737 

A 

2) 10'01520 

5*00760 
4 



O03040 
40 



r21600 5(1 - 0r - lp> 




Dftftotd 0/ Google 



100 LAND SURVEYING 

2. From the following notes, plan and find the content of a 
field. 



Perpendiculars 
on left. 


Base or 
Station Line. 


Perpendiculars 
on right. 




to 0 C 






3250 
2504 


1046 D 


B 1278 


1272 




Begin 


at 0 A 


and range West. 



Content. 37a. 3r. 2p. 
3. Give the plan and area of a field from the following notes. 




Area. 5a. Or. 35j». 



ANOTHER METHOD. 



A four-sided field may frequently be surveyed by dividing it 
into two triangles and a trapezoid, by perpendiculars on its 
longest side. 



Rule, — Multiply the sum of the two perpendiculars by their 
distance on the base line for the double area. The double areas 
of the two triangles must be found as in Prob. I., and both be 
added to the double area of the trapezoid j the sum being divided 
by 2, will give the content required. 



1 . Required the survey and area of the following field. 

Measure the base A B, and put down in the field book the 
distances of P and Q, where the perpendiculars rise, &c, as 
follows: — 
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WITH THE 


QD = 595 
PC = 352 


to©D. 
AB = 1097 
AQ= 745 
AP = 110 
From 0 A go E 


Triangle ACP 
352 


Triangle QDB 
595 ^ 




38720 


9975 
3570 
1785 


1097 
755 


217175 



.Trapezoid PCD Q 




Area, in. Ir. 5Jp. 5-7920 
2. Bequired the plans and areas of two fields from the fol- 
lowing notes. 





AB 
1169 








A B 
1448 




E 


015 


339 


D 


D 513 


1102 


E 


G 


234 


461 


E 


C 683 


436 


G 


From 


0 Ago 


•w. 




From 


OA 


go E. 



Problem III, 

TO SURVEY FIELDS CONTAINED BY MORE THAN FOUR 
SIDES. 

Field or plots of ground bounded by more than four sides, 
may be surveyed by dividing them into trapeziums and tri- 
angles. — Thus, a field of five sides may he divided into a tra- 
pezium and a triangle ; of six sides, into two trapeziums ; of 
seven sides into two trapeziums and a triangle ; &c. 

TO FIND THE CONTENT. 

Rule. — By the two last Problems, find the double areas of 
each trapezium and triangle in the field ; add all the double 
areas together, and half their sum will be the content. 

EXAMPLES. 

I. Lay down a field and find its area from the following 
dimensions. 
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CONSTRUCTION. 

The above field is divided into two trapeziums A B C G, G D E F 
and the triangle G C D. Draw the diagonal A C, which make 
= 550 links; at 135 and 410 set off the perpendiculars m C = 
130, and n B=180 links respectively ; join AB, BC, CG, and GA, 
and the first trapezium will be completed. Then on CG, lay oft' 
Oq= 152, and draw the perpendicular gD= 230; join CD, 
D G, and the triangle is completed. Lastly, with centre G and 
radius o G = 120 describe an arc; and with centre D and radius 
oD = 314 (= 520—206) describe another are, intersecting the 
former in o : through o draw the diagonal DF = 520 links, upon 
which, at 288 links, draw the perpendicular p E ; join D E, E F, 
FG, and the figure will be completed. 

Double areas, 

170500 trap. ABCG 
101200 tri. CD G 
104000 trap. DEFG 



2)3-75700 



1-87850 — la. 3r. 20fp. 
1 70500 



130 


440 


120 


180 


230 


80 


310 


13200 


200 


530 


880 


520 


15500 


101200 


104000 
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2. Required the plan and arens of two fields from the follow- 
ing dimensions. 



First Field. 


Second Field. 


E 98 
Return 


504 
233 
to© B 


Base 


E 290 


to 0 F 

520 
413 
R. of 0 D 


18UJ 




to © D 

673 

472 

427 
at O A 








C 207 
Begin 


Diag. 

268 B 
range \V. 


C 161 
Begin 


to 0 D 

744 

386 

303 
at © A 


Diag. 

333 B 
range W. 


Area. la. 3r. 15j). 


Area 


4a. Or. dip. 






ANOTHER 


METHOD 







A small piece of land, having several sides, may sometimes 
be most conveniently measured by taking one diagonal, and 
upon it erecting perpendiculars to all the angles on each side of 
it. The piece will thus be divided into right angled triangles 
and trapezoids, the areas of which must be calculated as in the 
two last Problems. 

EXAMPLES. 

1 . Required the plan and area of a field from the following 

notes. 





to © G 






1020 




F470 


890 






610 


*50 E 


D 320 


585 


d 


C70 


440 


c 


6 


315 


350 B 


Begin 


at © A 


goE. 




Note. The method of planning the above field is sufficiently clear, from the 
preceding field-notes, and from what has been already done. 
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Triangle AC c 
A c = 440 
C e = 7< 



rrape.CcrfD.Trapc. DdfF.\ Tri. F/G. 
D d = 320D d = :S20/G = 13( 
C c = 70F/ = 4?0F/= 470 



Osum = 790 sum = 790 
ed = 145 e/ = 



13050 
435 



3950 
2370 



Trapezoid B b e E. 
Bi = 350 
Ee = 50 

sum — 400 
o e =295 



Triangle E <* G. 
Ge = 410 
E(= 50 



Tri. A b B. 
A 6 = 315 
= 350 

15750 
945 



= 3a. Ir, 38$p. Area. 



When a field or estate is bounded by crooked fences, a lino 
must be measured as near to each of them, as the angles or 
bends will permit ; in doing which an offset must be taken to 
each corner or bend in the fence. The offsets or perpendiculars 
thus erected, will divide the whole offset space into right angled 
triangles and trapezoids, the areas of which may be found as 
already shewn. 

Note 1. When tlic offsets arc short, that is, not greatly exceeding a chain 
in length, their places on the line may be found by laying the onset-staff at 
right angles to the chain, ns nearly as can be judged by the eye; hut when tlie 
offsctB are large, and correctness is required, their places must be found by 
the cross, and measured by the chain. 

Note 2. The quickest method of laying down offsets, is, by laying the 
feather- edge of the plotting scale against the base or chain line, au'd sliding 
the offset scale along the feather edge to the several distances of the offsets, 
and pricking off their lenglhs, corresponding to their several distances. 
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Note 3. Unskilful snrveyors usually add all tbe offsets taken on one line 
together and divide the sum by their number for a mean breadth ; but this 
method is very erroneous, especially where the offsets vary greatly in length, 
and should therefore be avoided where great accuracy is required. 



1. Required the plan and content of a right-lined piece of 
ground by offsets, from the following notes. 





to 0 B 






955 




» 91 


785 


A 


m 57 


634 


9 


188 


510 


f 


*70 


340 




*84 


220 


a 


A 62 


45 




0 


00 




Begin 


at ©A 


range 



= 45 
= 62 


ch = 62 
di =84 


di = 84 
e k = 70 


e k 

fi 


= 70 
= 88 


/ I 
g m 


= 88 
= 57 


90 
270 


146 

erf = 175 


154 
de = 120 


■f 


158 
= 170 


fs 


145 
= 124 


2790 


730 
1022 
146 

25550 


18400 




11060 
158 




580 
290 
145 

17980 








2C8G0 





Oh' . 



170 
1530 



Double areas. 
2790 
25550 
18480 
26860 
17980 
22348 
15470 



0'64739 = Qa. 2r. 23p. 



Digitized by Google 



106 



LAND SURVEYING 



Calculation by the erroneous method (See Note 3). 
: A B. 

: mean breadth. 



00 


955 


62 


56} 


84 
70 


5730 


88 


4775 


57 ■ 


477 


91 
00 


0-5395/ 


8)452 




56} 





= 0a. 2r. 6p. Content by this method, 
which is 17 perches too little. For 
this method is always erroneous except 
when the offsets stand at equal distances 
from one another, and when the first 
and last offsets are both 0. 
Some omit all the offsets that are 0, dividing the sum of the 
offsets by the number of real offsets ; by this method we shall 
have 

6)452 955 
7*4 



75± 



4775 



= Qa. 2>: 34p., which is 1 1 poles 
too much. 



2. To lay down a crooked piece of land, adjoining a river from 
the following notes. 






to © F 


197 


720 


163 


600 


226 


500 


139 


350 


80 


200 


74 


100 


0 


000 


Begin 


at 0 A 



The content is found by the same method as in the preceding 
example. 
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3. Plan and find the area of a field from the subjoined notes. 





isn 










3/ 


«n 






ifln 




ft 


nnn 
r ^ r 
L. ot O L 






to 0 C 






585 


0 




.150 






320 


40 




200 


72 




100 


47 




000 


0 




L. of 0 B 





C 382 
From 



to 0 B 

743 



Having found the area of the triangle ABC, the areas of the 
offsets on the line B C must be added thereto, and the sum of the 
areas of the inseis on the line 0 A must be subtracted from the 
sum, and the remainder will be the content of the field. 

Note. The area of the triangle ABC may he found, when tfae measurement 
of all three sides are given, (which is the case in the present example,) till,;-.- 
Hy calculation, as shall hereafter ho shewn, or by measuring the perpendicular 
from the plan, which, as already shewn, may be "laid down from the (litre aides 
of the wain triangle.— The areas of fields, having a great number of crooked 
and curved fences, are found by the method given in the last E sample, i<nac M. 



TO MEASURE A LINE ACROSS A WISE RIVER. 

Let the annexed figure be a rirer, which 
is required to be crossed by the chain line 
P B. Fix, or cause to be fixed, a pole or 
mark at B, at or near the margin of the 
river, in the line to be measured ; erect 
the perpendicular A D, measuring A C 
and CD of any equal lengths ; at D erect 
the perpendicular D E ; on arriving at E, 
in the direction BC, the distance DE will 
be equal to A B, the required breadth of 
the river. 
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From the arrangement of the lines in the figure, it is evident 
that the triangles CAB, CDE are equiangular, anil since AC 
was made = CD, the triangles are equal in all respects, and con- 
sequently A B = D E. 

Note 1. For various other methods of measuring obstructed lines, under 
different circumstances, see Baker's Land and Engineering Surveying, Chap. III. 

Note 2. A sufficient detail of methods of surveying by the help of the cross, 
which, though not much used by experienced surveyors, is a simple instrument, 
and its use readily understood by students. This method is, therefore, a 
proper introduction to the higher branches of surveying; besides, in rural 
districts, villages, Sec,, few surveyors use the more expensive instrument, the 
chain and cross being found quite sufficient to measure the quantities of grow- 
ing crops, and other such small surveys as may be there required. 



LAND SURVEYING BY THE CHAIN ONLY. 

This method of surveying has long been adopted by experi- 
enced surveyors, who have found it, in general, more accurate 
and expeditious, as well as better adapted to laying down ex- 
tensive surveys especially where no serious obstructions from 
woodlands, water, buildings, &c, exist ; the use of the cross, in 
this method, being entirely excluded by some surveyors, and 
by others oijjy used for secondary purposes,, as for talcing oc- 
casionally long offsets, or for squaring of lines obstructed by 
buildings, water, &c. Instead of the cross some use the optical 
square for these purposes ; while some erect perpendiculars with 
the chain only. See Chap. III., Baker's Land and Engineering 
Surveying. 

Problem I. 

TRIANGULAR FIELDS. 

When a triangular field, or piece of ground in that shape, is 
to be surveyed, set up poles or marks at each corner, and mea- 
sure each side, leaving marks in at least two of the lines, and 
entering their distances in the field book ; then measure the 
distance between the two marks for a proof line : — or, one 
mark only may be left in one' of the lines, which may be con- 
nected with its opposite angle for a proof line. 

EXAMPLES. 

1. Required the construction and area of a field from the fol- 
lowing dimensions. 
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Proof 
From 



to © » 
384 
0 m 



to © C 

852 
LOB 

to 0 B 
1338 
1000 
600 
©A 



When the triangle A B 0 is 
constructed, the proof line m » 
will be found to measure 384 
links, shewing that there has 
heen no error in the work : 
also the perpendicular C D will 
be found to be 770 links; 
0 wi 600 whence the area of the triangle 

From OA RangeE. = 1338 x 770 h- 2 =5-15130 
= 5a. Or. 24p. the area. 
Note. If the proof line measured from the plan does not exactly, or very 
nearly, agree with that measured in the field, some error has been made, and 
the work must be repeated. 



TO FIND THE AREA OF J 



NGLE FROM THE 1 



Rule. — From half the sum of the three sides subtract each 
side severally and reserve the three remainders; multiply the 
half sum continually by the three remainder?, and the square root 
of the product will be the area. 

Note. By this rule the area of a triangle may be found without laying it 
down, or finding the perpendicular. 

Adopting the preceding example, we have by the rule, 
1338 + 852 + 1244 , ,„ . , , 
2 = 1717 = half sum ot the three sides. 

Then 1717 - 1338 = 379 = 1st remainder; 1717 — 852 = 
865 = 2nd remainder; 171 7 — 1244 = 473 = 3rd remainder; 
whence sj{\1\7 x 379 x 865 X 473) = 5-15022 = 5a. Or. 24p. 
the sum as the area already found by measuring the perpendicular 
from the plan. 

Note. This method of finding the areas of triangles is very little used in 
practice, on account of its requiringa tedious calculation, which may, howefer, 
be more readily performed by logarithms. 

2. It is required to lay down a survey and find its content from 
the following field notes. 
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3299900 Sum 
200616 Insets on BC 



2)3099284 Difference 



15-49642 = 15«. 2r. Op. nearly, the area required. 



Digitized 0/ Google 



LAND SURVIVING BY THE CHAIN ONLY. Ill 

Problem II. 

FOUR SIDED FIELDS. 

Wheu a field has four sides, straight or crooked, measure the 
four sides, or lines near them, if crooked, taking the offsets: 
also measure one or both the diagonals, one of which will, serve 
as a base in plotting the work, and the other for a proof-line ; 
or the proof-line may be measured in any other direction that 
may be most convenient. 

Sometimes the measurement of both the diagonals is pre- 
vented by obstructions, in such cases it will be sufficient to 
measure tic-lines across two of the angles of the trapezium, at 
the distance of from two to five chains from each angle, ac- 
cording to the size of the field. These tic lines with their dis- 
lauces from the angles on the main lines will be found sufficient 
for planning the lines and proving them. 

EXAMPLE. 

In the annexed figure the 
lines A B, B C, CD, DA are 
measured, marks being left at p, 
q, and r, and their respective 
distances on the lines noted in 
the field book, thus furnishing 
the following method of laying 
down the plan. 

On AB, as a base, take A^> 
= given distance, and with the 
distances A r, p r, and centres 
A and p describe arcs cutting in 
r ; then prolong A r, and lay off 
thereon the given length A D. 
Id the same manner construct 
the triangle pBj, and make B C = its given length. Lastly, 
join D C, which must be of the length shewn in the field book, 
otherwise there has been some mistake either in the measure- 
ment, or in laying it down. Should this be the case, the whole 
of the work, firstly on the plan, and secondly in the field, most 
be gone over again till the error be discovered. 

Problem III. 

FIELDS HAVING MORE THAN FOUR SIDES. 

Various methods will suggest themselves to the surveyor for 
taking lines to lay down a field that requires more than four 
main lines to take its boundary. The method of dividing such 
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fields into trapeziums ana triangles is, in most cases, circuitous, 
nnd displays little skill on the part of the surveyor, especially 
where all the sides are crooked, and where a plan is required. 
A few methods of surveying fields of this kind will, therefore, 
be presented to direct the student ; although their variety of 
shape is so endless, that no general rule can be given for laying 
out lines on the ground, that shall give an incontestably accurate 
plan. To tie every angle in succession, though true in principle, 
is by no means a safe method, especially where there are a great 
number of angles to be tied, as an error in one of the tie-lines 
will derange the whole of the work, without affording the means 
of detecting where the error lies. 

Note. The following examples of surveys of this kind occurred in part of 
(he author's extensive practice, as a surveyor of parishes under the Tithe- 
Commissions. The student is recommended to sketch the following speci- 
mens on a largo scale, and find their contents by the usual methods. 



Here a field of five 
sides is surveyed by 
the same number of 
lines, viz. A B, B C, 
C D, D m, and An, the 
last two intersecting 
in E. These lines 
evidently constitute a 
decisive proof among 
themselves, and all of 
them arc available in 
taking the boundary. 
In surveying this field (poles or natural marks being supposed 
to be fixed at A, B, C, D, and E) commence close to the river's 
edge, in the line A B prolonged backwards, enter the offsets and 
the station A in the field-book. On arriving at© »«> in the 
direction E D, enter its distance, and so on to © B, measuring 
the line to the fence ; from B proceed to C, in like manner, 
measuring beyond the station to the fence. The place of the © 
n is to be noted, on arriving in the direction E A, while mea- 
suring CD. D m is next measured, the place of the © E being 
noted. Lastly, go from m to A, and measure A n, entering the 
place of the © E a second time, all the offsets being supposed 
to be taken during the operation. 

Construction of the plan. Select the distances A m, A E, and 
E m from the field-book, and with them construct the triangle 
4 m E, prolong the sides to their entire lengths, up to the 
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boundaries, and fix the places of the stations B, n, and D. 
Now, if the measured length of D n just fit between D and n, 
the work is right with respect to the triangles A E nt, E D n, 
Lastly, prolong D n to the © C, and, if the distance from thence 
to the © B be the same as shewn by the field book, the whole 
of the work is right. But, if the distance D n do not agree, the 
work must be examined from the beginning ; if only the distance 
B C fail, then only that distance and the portions mB,C« need 
be examined. 

Note, For a variety of other methods of surveying irregular fields, small 
estates, &c, &o, see Baker'i Land and Engineering Surveying, Chap. III. 

Problem IV. 

SURVEYING LARGE ESTATES OR PARISHES BY THE CHAIN ONLY. 

Having perambulated the boundary of the estate, parish, or 
lordship to be surveyed, if you find that its boundary approaches 
somewhat near to that of a four-sided figure, or trapezium, the 
system of fundamental lines, adopted by order of the Tithe 
Commissioners of England and Wales, is to he preferred. 
These fundamental lines are six in number, of which four must 
run close by, or as nearly as possible to, the boundary in question, 
thus forming a trapezium, four lofty station poles being placed at 
each angle, as objects for running the lines ; the other two lines 
must form the diagonals of this trapezium, and therefore pass 
through the central parts of the survey, intersecting each other, 
the points of intersection being noted on measuring each line, so 
that when the system of lines are laid down on the plan, the 
proof of the accuracy of the work may be fully established, before 
the minor operations, or filling up, as it is called, is commcuced. 
It will he necessary, moreover, in almost every case, to range the 
lines between every two of the main stations with long slender 
ranging poles, as the intervention of hills, fences, trees, buildings, 
&c, will frequently interrupt the view of even the loftiest station 
poles that can be obtained ; and more especially so, when the 
main stations are at a great distance, which depends on the mag- 
nitude of the survey, and is sometimes as much as ten miles. 
In measuring these main lines, every fence, road, stream, build- 
ing, &c, which is passed or crossed must be noted in the field 
book, the several crossings, and bends being sketched therein, 
to the latter of which offsetts must be taken. Stations must 
also be left on these main lines, at convenient situations for taking 
the interior fences, &c, of the survey, and their distances care- 
fully noted in the field book. From and to the stations, thus 
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left, or from and to points near them, secondary lines must be 
run, as near the interior parts of the survey as possible, the cross- 
ings, offsets, and other remarks being made in the field book, as 
already directed for the measurement of the main lines. Tl ese 
secondary lines will accurately fit between the points from and to 
which they have been measured, when laid down on the plan ; 
thus forming anet work of small triangles within the fcur large 
triangles, into which the survey is divided by the six funda- 
mental lines. This principle ot'pToof is founded on the obvious 
property of triangles having a common angle always fitting one 
within another, the common angle of both being coincident. 
The lines marked with the figures 1 to 6, represent the system 
in question, (hose without figures are the secondary lines. 




Tho main lines are numbered with the figures 1, 2, 3, Sic, in 
small circles, as the most convenient method of reference to the 
field book : the secondary lines must have these numbers con- 
tinued on them, for the same purpose, but this is not done in thr 
diagram, to avoid confusing it. 

It will be seen that the secondary lines mn, rs are prolonged 
beyond the system of main lines, to give stability to the parts of 
the survey that protrude beyond line 2. 

Note. For the method of keeping the field book in eitenf^c surveys, the 
Description and use of the theodolite and other surveying instruments, see 
Haters Land and Engineering Surveying. 
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ENGINEERING SURVEYING. 

LEVELLING. — DEFINITION OF LEVELLING. 

By the art of levelling the inequalities of the upper boundary 
of any section of the earth's surface may he shewn, and thence 
may be determined the several heights of any number of points 
in that boundary, above or below an assumed line, called a level 
line j though, in reality, this line is a great circle of the earth, 
and is such us would be derived from a section of the surface of 
still water. 

LEVELLING INSTRUMENTS. 

(1.) Levelling instruments all depend on the action of gra- 
vity: of these the plumb-line, on which the mason's level 
depends, is the most simple ; hut it cannot be used in extensive 
operations, on account of its practical inconvenience. The fluid, 
or water level, in all its modifications, is slso found inconvenient 
for extensive practice. 

(2.) Spirit levels are now commonly used, as the most ac- 
curate instruments for finding the differences of level, or vertical 
distances between two stations : of these there are several, we 
shall only here describe the Y level. 



THE Y LEVEL. 




The foregoing figure represents this instrument. A is nn 
achromatic telescope, resting on two supporters, which in shape 
resemble the letter Y ; hence the name of the instrument. The 
lower ends of these supporters are let perpendicularly i:i a strong 
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brass bar, which carries a compass box C. This compass is con- 
venient for taking bearings, anil has a contrivance for throwing 
the needle off its centre, when not in use. One of the T sup- 
porters is fitted into a socket, andean be raised or lowered by the 
screw B. 

Beneath the compass box, which is generally of one piece with 
the bar, is a conical axis passing through the upper of two 
parallel plates, and terminating in a ball supported by a socket. 
Immediately above the upper parallel plate is a collar, which can 
be made to embrace the conical axis tightly by turning the 
clamping screw E ; and a slow horizontal motion can be given to 
the instrument by means of the tangent screw D. The two 
parallel plates are connected together by the ball and socket 
already mentioned, and are set firm by four mill-headed screws, 
which turn in sockets fixed to the lower plate, while their heads 
press against the under side of the upper plate, and thus serve 
the purpose of setting the instrument truly level. 

Beneath the lower parallel plate is a female screw, adapted to 
the staff head, which is connected with brass joints to three 
mahogany legs, which support the instrument. 

The spirit level I I is fixed to the telescope by a joint at one 
end, and a capatain headed screw at the other, to raise or de- 
press it for adjustment. 

(3.) Previous to using this instrument the following adjust- 
ments must be attended to. 

1. The adjustments of the telescope for parallax and collima- 
tion. 

2. The adjustment of the bubble tube. 

3. The adjustment of the axis of the telescope perpendicularly 
to the vertical axis. 

1. The adjustment for parallax and collhnation. Move the 
object-glass by the screw, and the eye-glass with the hand, till 
distant objects and the cross wires within the telescope, appear 
clearly defined; and the adjustment for parallax will be com- 
pleted. Next, direct the? te ^escope to some well-defined object 
at a great distance ; and see that the intersection of the cross 
wires cut it accurately ; then loose the clips that confine the 
telescope in the Ys, and turn it round on its axis, observing 
whether the centre of the wires still continue to cut the object, 
during a whole revolution. If it does, it is in adjustment; if 
not, the line of collimation, or optical axis of the instrument, is 
not in the line joining the centres of the eye and object-gins^?. 
To correct this error, turn the telescope on its axis, and by 
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means of the four conjugate screw a, a, &c, that move the cross 
wires, correct for half the error, alternately loosing one screw and 
tightening its opposite one, till the cross wires cut the same point 
of the distant ohject, during an entire revolution of the telescope 
round its axis. 

2. The adjustment of the bubble tube. — Move the telescope 
till it lies in the direction of two of the parallel plate screws, and 
by giving motion to these screws bring the air-bubble to the 
centre of its run. Now reverse the teleseopc carefully in the 
Ys, that is, change the places of its ends ; and should the bubble 
not settle in the same point of the tube as before, it shows 
that the bubble tube is out of adjustment, and requires cor- 
recting. The end to which the bubble retires must then be 
noticed, and the bubble made to return one-half the distance by 
turning the parallel plate screws, and the other half by turning 
the capstain headed screws at the end of the bubble .tube. The 
telescope must now again be reversed, and the operation repeated, 
until the bubble settles at the same point of the tube, in the 
centre of its run, in both positions of the instrument. The ad- 
justment is then perfect, and the clips, that confine the telescope 
in the Ys should be made fast. 

3. The adjustment of the axis of the telescope perpendicularly 
to tke vertical axis. — Place the telescope over two of the pa- 
rallel plate screws, and move them, unscrewing one while 
screwing up the other, until the bubble of the level settles in 
the centre of its run ; then turn the instrument half round on 
its vertical axis, so that the contrary ends of the telescope may 
be over the same two screws, and, if the bubble does not again 
settle in the same point as before, half the error must be cor- 
rected by turning the screw B, and the other half by turning the 
two parallel plate screws, over which the telescope is placed. 
Next .turn the telescope a quarter round, that it may be over 
the other two screws, and repeat the same process with these 
two screws; and when, after a few trials, the bubble maintains 
the same position in the centre of its run, while t lie telescope is 
turned round on the vertical axis, this axis will be truly icr- 
tical ; and the axis of the telescope being horizontal, by reason 
of the previous adjustment of the bubble tube, will be perpen- 
dicular to the vertical axis, ami remain truly horizontal, while 
the telescope is turned completely round. The adjustment is 
therefore perfect. 

There arc several ntliiT highlv approved levelling instruments, 
as Trough ton' s and Gravatt's levels, &c, for the descriptions of 
which, see Ifaker's Land and Engineering Slurrying. 
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CORRECTION FOR CURVATURE, &C 



LEVELLING STAVES. 

(6.) The best constructed levelling staff (Gravatt's) consists ot' 
three parts sliding one within another, and, when opened out for 
use, form a staff 17 feet long, jointed together something nfter 
the manner of a fishing rod. The whole length is divided into 
hundredths of a foot, alternately coloured black and white, and 
occupying half the breadth of the staff ; hut for distinctness the 
lines denoting tenths of feet are continued the whole breadth, 
every half foot, or five-tenths, being distinguished bv a conspi- 
cuous black dot on each side, the whole feet being numbered with 
the figures 1, 2, 3, &C. 

CORRECTION FOR CURVATURE. 

E (?-) Let B D E be a horizontal line, 

that is. such ns would be given by the 
line of sight of a level, properly ad- 
justefl ; B C F an arc of a great circle 
of the earth, and A its centre. It will 
at once appear from the figure, that 
the heights D C, E F, of the apparent 
level B E, above the true level increase 
successively from the point B. The 
height E F of the apparent level above 
the true, is equal to the square of the 
distance B E divided by twice the 
earth's radius A B, that is E F = 
BE 2 * B D* 

2*A B* similarly D C = jp^-jp &c "' therefore the correc- 
tions for curvature, DC, E F, &c„ vary as the squares of the 
distances B D, B E, &c, since 2 A B is a constant quantity. 
Taking the earth's radius to be 3979 miles, and assuming the 




distance B D to be 1 mile, then the correction for curvature 
DC = BD 3 -^2AB = 1^ 79-08 = of a mile = 7'962 
inches = nearly 8 inches. If the distance B E = 3 miles, then 
the correction EF = BE 2 -=- 2 AB = = 71-658 inches, 
or nearly fi.feet. 

Let any distance B D = d in miles, and the correction for cur- 
vature for 1 mile he taken = 8 inches = ■§ of a foot, which it is 
very nearly ; then 

2 d 3 „ 
correction = — s— feet, 

for any distance d in miles : 
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Hiid let -gg = d, c being chains ; then 

correction = — = 3 - 80 2=W inches - 
for any distance c in chains. 

CORRECTION FOR REFRACTION. 

(S.) The effect of the earth's curvature is modified by another 
cause, arising from optical deception, namely, refraction ; the 
correction for which varies with the state of the atmosphere, hut 
it may generally be taken at \ of the correction for curvature, 
as ail average ; and since refraction makes objects appear higher 
than they really are, the correction for it most be deducted from 
that for curvature. 



1 . Required the correction for curvature and refraction, when 
the distance of the object is 2-£ miles. 



j x (2-5 9 g — = 4-166 cor. for curvature, 

\ of which is -693 cor. for refraction. 

Difference 3 473 feet, cor. required. 

2. Required the correction, as in the last example, when the 
distance is 60 chains. 

60 s -s- 800 = 4-5 cor. for curvature. 
\ of which is . . '643 cor. for refraction. 

Difference .... 3 , fi5'] inches, cor. required. 

3. From a point in the Folkestone road, the top of the keep 
of Dover Castle was observed to coincide with the horizontal wire 
of a levelling telescope, when adjusted for observation, and there- 
fore was apparently on the same level ; the distance of the instru- 
ment from the cnstle was 4£ miles, required the correction for 
curvature and refraction, that is, the true height of the keep of 
the castle above the point of observation. 

2 „ 40-5 

J x (4-5)- = -g — = 13-5 feet, cor. for curvature, 

\ of which = 1-93 feet, cor. for refraction. 

Difference = 11-57 feet, cor. required. 

See also the tables for these corrections at the end of the hook. 
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PRINCIPLES AND PRACTICE OF LEVELLING. 

To find the differences of the levels of several points on the 
surface of the earth. 

(7.) Before entering on this subject, it will be proper to 
state that the corrections for curvature and refraction) already 
explained, are seldom applied in the practice of levelling, the 
spirit level being usually placed midway between the stations, 
the levels of which are to be observed, hence the resulting cor- 
rection for each station are equal, and therefore the difference 
of the levels at the two stations is as truly shown by the dif- 
ference of the readings of the two staves, fixed thereon, as if the 
corrections had been made. Thus the trouble of making these 
corrections is avoided by simply placing the instrument midway 
between the two staves. 

(8.) Let it be required to find the difference of level between 
the points A and G. A levelling staff is erected at A, the in- 
strument is set up and adjusted at B, another staff is also erected 
at C, at the same distance from B that B is from A, as nearly 
as can be judged by the eye ; the reading of the two staves are 

then noted ; the horizontal lines, connecting the staves with the 
instrument, represent the visual ray or level line of sight. The 
instrument is then conveyed to D, and the staff that stood at 
A is now removed to E, the staff C retaining its former position, 
only its graduated side turned to the instrument, and from 
being the fore staff at the last observation, it is now the back 
staff; the reading of the two staves are again noted, and the 
instrument removed to F, and the staff C to the point G, the 
staff at E retaining its position, now in its turn becomes the 
back staff,- and so on to the end of the work, which may thus 
be continued to any extent. The difference of the jcading3 of 
the staves at A and C will show the difference of level between 
the points or stations A and C, because the visual line of the 
instrument is virtually level, and the same is true with respect 
to every two consecutive stations. 

EXAMPLE. 

Back sight on staff A 10-66 feet 

Fore sight on staff C 11-78 „ 

The fall from AtoC 112 difference. 
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Because when the front reading is the greater the ground falls, 
and wee versd. 

Back sight on staff C 13 36 

Fore sight on staff E 9'l(i 

The rise from C to E 4-20 difference. 

Subtract the fall from A to C . . 1'12 

The rise from A to E 3"08 difference. 

Because the rise from C to E is greater than the fall from A to 
C, their difference shows the total rise. 

Back sight on staff E 7'62 

Pore sight on staff G 8-16 

The fall from E to G 0 54 difference. 

This fall taken from the rise from A to E, that is, 
308 
054 

gives the total rise from A to G 2-54, or nearly 2 

feet inches. 

The difference of the sums of the back and fore readings of 
the staves, will more readily give the difference of level between 
A and G : thus, 

Back sights. Fore sights, 

feet. feet. 
10-66 at A 11-78 at C 

13 36 at C 9-16 at E 

7-62 at E 8-16 at G 

sums 31-64 29*10 
2910 

2-54 difference of level, the same as before. 



Let a, b, c, d, e, f, and g be the several points ; then, in order 
to draw the section to show the undulations of the ground be- 
tween a and g, the distances of the several points from a, in 
addition to their levels, must be taken ; this is usually done 
during the operation of levelling. These distances, with the 
back and fore sights, may be arranged in a level book of the fol- 
lowing form, which, though not the form practically used, will 
probably be more clearly understood. {See Fig. page 124.) 
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LEVEL BOOK. 



Back 
Sights. 


Fore 
Sights. 


Fall. 


Rbe. 


Uijilu-.'cd 
Levels. 


Distances in Chains, 
and Remarks. 


3- 50 

4- 10 
5'04 
3'84 
4-12 

iO-49 
12-96 


5-65 
10-85 
9 25 
12-91 
7-05 
3-92 
303 


215 
6-75 
4'21 
9-07 
3-53 

the 


6-57 
9*93 


2-15 

8- 90 
1311 
22'IS 
25-71 
19-14 

9- 21 

is the 1 


4-60 at b on road. 

7-80 at c. 
11-60 at d. 
15-20 at e. 

bottom of canal, distance 2- 1 0 
21-00 at /. 
27-00 at g. 

st of the reduced levels. 


44-05 
diff. 


53-2G 
4405 

921 



In this level book it will be seen that the differences 2" 15 
and 6 75, in the column marked Fall, are added together, 
making 8'90, thus giving the fall at c, in the column marked 
lteduced Levels : to this sum the succeeding falls are added, 
one by one, till we get the fall 25-71 at the bottom of the canal, 
which is the lowest point. Then the differences in the column 
marked Rise, are subtracted successively from 25-71 for the 
falls at /and ; the latter of which is 9-21, the total fall from 
« to ij, which, agreeing with the difference of the sums of the 
hack and fore sights, shows the truth of the castings. The 
last column shows the distances of the several points, b, c, &c, 
from a, in chains, with other remarks. 

DATUM LINE. 

The section might be plotted by laying off the distances 
in the last column in the preceding level book on a horizontal 
line, and setting off their corresponding numbers of feet, in the 
column marked Reduced Levels, perpendicularly below the line ; 
but it is found inconvenient in practice to'plot a section in all 
cases after this method, as in extensive operations the reduced 
levels would repeatedly fall above and below the line in question, 
and thus confuse the operation ; therefore a line A G, called " the 
datum line," is assumed at 100, 200 feet, fee., below the first 
station a ; thus making that line always below the sectional line 
of, of which a clearer view may he obtained. 

In the following practical level book the rise or fall is re- 
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spectively added to, or subtracted from, the assumed distance 
of the datum line, and the next rise or fall again added to, or 
subtracted from, the sum or difference : — thus 2' 15, being a fall, 
is subtracted from 100 (the assumed distance of the datum line) 
leaving 97-85 feet, the height of the ground at b ■ the next fall 
6-75 is then subtracted from 97 85, leaving 91-1(1 feet for the 
height at c ; and so on to 353, which is the last fall : — the next 
6 57, being a rise, is added, as well as 9 - 93 thus the last re- 
duced IotcI is 90-79 feet, which taken from the datum 100 
leave 9 21 feet, agreeing with the differences of the sums of the 
back and fore sights, and of the sums of the rises and falls, and 
showing the worK of casting to be correct. Thus are obtained a 
series of vertical heights to be set ofF perpendicularly to the datum 
line, through the upper extremities of which the sectional line 
must be drawn. 

PRACTICAL LEVEL HOOK. 



(Datum line 100 feet below the bench mark at A.) 



Back 
Sights. 


Fore 
Sights. 


Rise. 


Fall. 


Reduced 


D " U Remarks. 

nDces. 

— 


feet. 

3- 50 

4- 10 
5 04 

3- 84 

4- 12 
10-49 
12-96 


feet. 

5'05 
10-85 
9-25 
12-91 
7*65 
3-92 
3-03 


feet. 

G-57 
!)-!)3 


feet. 

2- 15 
676 
4-21 
9-07 

3- 53 


feet. 
LOO'OOu 
97-85 
91-10 
86-89 
77-82 
74-29 
80-86 
9079 

100-00 


chains. 

^. G0 J" B M on road 
"■80 to limekilns. 
11-60 

15-20 J" Bottom of 
.... < canal, di stan I 
21-00 [_2 S0 chains. 
27-00 to B M at g, 


4-1-05 


53-26 
44-05 


16-50 


25-71 
16-50 





In laying down the sectional line from the above columns of 
reduced levels and distances, the former are always taken from 
a much larger scale than the latter, otherwise the undulations 
on the surface of the ground would in many cases be hardly 
perceptible. 

Draw the horizontal line A G, setting off the distances A B, 
AC, &c, as in the column of distances, that is A B = 4'60 
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chains, A C = 7 - 80, &c., then draw A a = 100 feet, perpen- 
dicular to A G and parallel to A a draw Mb, C c, &c., setting 



i ■ & 


' 1 

/ r * J' 


; "i,-: 5'; -..s 
- r c; ^» 

460 7JW _ J/ 


s i 1 1 



off their heights 97 - 85, 01-10, &c, respectively, from the column 
of reduced levels, and through the points a, b, c, &c, draw the 
required sectional line a g. 

Note. The nbovc operations, though extremely simple, require great care, 
olluTivi.-i-, iii extensive works of this kind, errors creep in impercqiiitily, tt> 
check wliicli the agreement of the differences in the level book is essential. 

LEVELS FOR THE FORMATION OF A SECTION. 

In this case it is required to take the levels of & line of 
country, where the ground plan is already made, and the line of 
seeliun determined upon, and marked out on the plan. Here, in 
addition to what is required in running or check levels, the distances 
to the several stations of the levelling staves from the starting 
point must be measured. 

Two additional assistants are required in this case to measure 
the distances of the stave stations along the lines while the 
operation of levelling goes on, which is the same in every respect 
as that already described, excepting that, in this case, the opera- 
tion is conducted upon a line, on the surface plan, a copy of which 
must be in the surveyor's possession to direct him, and the dis- 
tances of the several stave stations must be noted in the level 
hook, in the column marked " Distances." 

The following is the level hook of an example, showing the 
manner of keeping it, and also the method of reducing the levels, 
to obtain the actual heights of each station above the datum 
line, which is placed 100 feet below the starting point, for con- 
venience of drawing the section. The whole operation being 
similar to that already given at page 123, excepting that here 
we give the particular manner of performing the several parts 
of the field work, in order that it may be clearly understood by 
those who are unacquainted with the subject, as it is presumed 
that, in a short time, railways will become the common means 
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of transit, both for passengers and goods, throughout every country 
of the civilized world. 

THE LEVEL BOOK FOB PLOTTING THE SECTION. 



(Datum 100 feet below Hie station A.) 



Back 
Sights. 


Fore 
Sights. 






Reduced 
Levels. 


Distances 


Remarks. 


feet. 


feet. 


feet. 


feet. 


feet. 
100-00 d 






13-71 




5-83 




105-83 


519 


B.M. side of road. 


9-10 


16-30 




6-90 


98-93 


1315 




3-87 


11-71 




7-84 


91*09 


1542 




263 


1241 




9-78 


81-31 


1850 




14-02 


0-95 


13-67 




94-98 


2358 




17-00 


1-45 


15-55 




110-53 


2608 




10-66 


15-40 




4-74 


105-79 


3357 




2-87 


17-00 




14-13 


91-66 


3758 




3-40 


10-32 




6-92 


84-74 


3976 




5-73 


2<24 


3-49 




88-23 


5077 




16-54 


0-85 


15-99 




103-92 


5904 




16-08 


0-S9 


1519 




U9-H 


6124 




H-50 


0-73 


13-B3 




132-94 


6437 




10-36 
9-84 
9-80 


14*06 
1-36 

7-00 


8-48 
2-80 


3-70 


129-26 

137-72 
140-52 


7467 
8369 
9303 




2-30 


10-96 




3-66 


131-86 




Centra of road at215 


10-96 


14-46 




3-50 


128-36 


9679 




208 


15-05 




12-97 


115-39 


9936 


1-75 


16-58 




14-83 


100-56 


10164 




1-84 


1710 




15-26 


85-30 


10576 










7.13 






orwa © a corner 


5-38 


3-50 


1-88 




79-75 


13066 




8-50 


4-50 


400 




83-75 


14954 














15650 




10-20 


9-40 


0-80 




8B-49 


17345 




G-86 


0-40 


6-46 




94-95 


19135 














19359 




11-80 


3-53 






110-26 


19G31 




10-53 


2-68 


7-85 




11811 


19841 


Forward 0at cud of 


8-82 


1-38 


6-84 




124-95 


20561 




8-76 


2-20 


6-56 




131-51 


21671 




14-00 


14-50 




0-50 


13101 




Road at 450 links. 


1450 


4-32 


lo-ia 




141-19 


22710 




9-14 


1-00 






149-33 


23221 




304 19 


254-80 


1G6-49 


11716 


100-00 






254-80 




117 16 






rDiffcre 


ce between Datum 












49-33 




49-33 




49-33 


■I and last Reduced level, or 
L height of 11 above A. 



t Cookie 



\2G 



The several differences of the sums of the back and fore sights, 
of the shims of the rises and falls, and of the last reduced level 
and the datum, exactly agreeing, proves the accuracy of the 
arithmetical operation in the preceding level book, all these dif- 
ferences being 49 33 feet, which is the height of the last station 
above the first. 

It is advisable for the surveyor to reduce the levels in the field 
as he proceeds, as it will occupy very little time, and can be easily 
done while the staffman is taking a new position. The surveyor 
will thus be enabled to detect with the eye if he is committiDg 
any glaring error ; for instance, inserting a number in the column 
of rises, "lien it ought to be in that of fills, tlie surface of the 
ground at once reminding him that lie is going dowuwurd instead 
of ascending. 

It is seldom the case in practice that the instrument can be 
placed precisely equi- distant from the back and fore staves, on 
account of the inequalities of the ground, ponds, ike. ; it would 
appear, therefore, to be necessary, to make our results perfectly 
correct, to apply to each observation the correction for curvature 
and refraction as explained at page 118: this, we believe, is 
seldom done unless in particular cases, where the utmost possible 
accuracy is required, on account of the smallness of such cor- 
rection, as may be seen by referring to the table at the end of 
the book, where this correction for 1 1 chains is shown to be no 
more than T ^ part of a foot ; and as the difference in the dis- 
tances between the instrument and the fore and back staves can 
in no ease equal that sum, it is evident that such correction may 
be safely disregarded in practice. Besides, it is not necessary to 
have the level placed directly between the staves while making 
observations, as it is frequently inconvenient to do so, for reasons 
just given, nor does a deviation from a line of the staves, in this 
respect, in the. least affect the accuracy of the result. 

The distances in the sixth column of the level book are 
assumed to be horizontal distances, and in measuring them, care 
should be taken that they are as nearly such as possible, or they 
must be afterwards reduced thereto, otherwise the section will 
be longer than it ought to be. For the purpose of assisting the 
surveyor in making the necessary reduction from the hypothe- 
nusal to the horizontal measure, when laying down the section, a 
table is given in Baker's Land and Engineering Surveying, page 
146, shewing the reduction to be made on each chain's length 
for the several quantities of rise, as shewn by the reading of 
the staves. 

Notk. For extensive information on this subject sec Baker's Land and 
Engineering Surveying, where an engraved plan and section, adapted to this 
example, are given at the end of the work. 
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THE METHOD OF LAYING OUT 11 AIL WAY CURVES 
ON THE GROUND. 
In railway practice, the curve adopted is always an arc of a 
circle, to which the straight portions of the railway are tangents 
at each extremity of the arc. Sometimes the curve consists of 
two, three, or more circular arcs with their concavities turned 
in the same or different directions, as in the compound and ser- 
pentine curves. 

Problem I. 

To lay out a railway curve on the grou?id by the common 
met/tod. 

Case I. — Let H A, q A q s he the taugental portions of a rail- 
way, the extremities A and q A of which are required to be 
united by the circular curve A q 4 , to which II A, y 6 q_, shall be 
tangents ; the radius of the curve being supposed to be previ- 
ously determined. 




distance A _ 
1 chain; then op- 
posite 80 in table 
No. 2, at the end 
of the book, is "%o ** 

fouud4 - 9oinches 

=pq, which set off at right angles to Ajj, thus giving the first 
point in the curve. In the direction A q, measure qp, — I 
chain, and set off p 3 q 3 = twice p q = 4'95 X 2 = !V9 inches, 
at right angles to { ji,; then q 3 is the second point in the 
curve. This last operation must be repeated till the curve 
shall have been set out to the point q A . Lastly q A p s being 
measured = 1 chain, in the direction q 3 q it the offset p s q e will 
be found = 4-05 inches = the first offset p q, thus proving the 
accuracy of the work. In this manner the operation is con- 
ducted, whatever he the length of the curve. 

Case II. — Let AO = r, and 3 = A p = q p, &c, which 
may be either less or greater than one chain ; then the general 

length of the first and last offsets p q, p s p s is-!, and the 
length of each of the other offsets is — , or twice' the first or 



DigiiizM by Google 



128 RAILWAY CURVES. 

last offset ; but the length of the offsets given n tne table is 
represented by — ; therefore if A p, q p 3 , Sc., be taken as 2, 

3, 4, &c, chains, the value of — must be multiplied by 2 a = 

4, 3* = 9, 4 1 = 1G, &c, respectively to find p q, and the re- 
sult, in each case, multiplied by 2 for each of the offsets^, q 2 , 
p 3 q z , &c. In this manner the curve may be set out more 
speedily, and with less liability to error, on account of the less 
number and greater length of the lines required in the opera- 
tion. 

EXAMPLE. 

Let AO=r = 120 chains, and 8 = 4 chains ; then - =-I 

X 16 = 3 3 X 16 = 52-8 inches 4 feet 4'8 inches = pq; whence 
4 feet 8 inches x 2 = 4'8 feet 9'C inches = j> a ?a, J> s ? 3 = &c. 

Note 1 . When tlie curve lias been correctly set out, as in Case II., the inter- 
mediate stumps may he put in at the end of every chain, if required, by the 
method given in Case I. The distances of the intcrmciiiiite stumps, thus put 
in, will not, in most cases, exceed a fraction of an inch j because the lengths of 
the offsets g, p 2 q a , See., is so small, that the curvilinear lengths A q , q q q s , 
&c., can never greatly exceed those A p, q p a , &c, 

Note 2. Tlie method given hi Case II., is sufficiently accurate when 5 does 
not exceed jij of the radius of the curve. Besides, at the closing point of the 
curve, as at j 4 , the distance q 3 p t is mas) commonly less or greater than 5. Let 
7a 1U = <* ; *cn the offset p A q,, at the end of the carve is - and, 

when S = 1 chain, p 4 q s — Of !; or the tabular number for the given 

radius must he multiplied by (S + d)d, or by (1 + according as Ay, qp v 
&e., is taken = S chains or 1 chain, to give the last offset p a q t ; \ of which 
is ±= q j, the offset to the tangent q t q s . 

Let r = 120, and 5 = 4 chains, as in the last example, and 
let q 3 p A = d = 2-OS chains ; thenj) 4 ^ = -L x (8 + d) d = 

3-3 x- (4 + 2-68) x 2-GS = 59'07 inches; £ of which, viz., 
29'535 inches is — p s ? 5 . 

Note 3. When 5 exceeds fa of the radius i- of the curve, the following for- 
mula ought to he used for finding the oflsets. 

and p" q- - &c. = - S " 

Sec. Uii.'.rr s /.and and Engineering Surveying, page 104. 
Note 4. By this method the greater part of both British and foreign nul- 
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way curves have been laid out. It was invented by the author about 30 years 
ago, when the Stockton and Darlington Railway was laid out, and eagerly 
adopted by engineers as it involves very little calculation, and docs not require 
the use of n theodolite. It is, however, defective in practice, on account of 
its requiring so very ninny short line; connects! together, as errors will Un- 
iLVuirlitbly ui\<:]i in ii!i;lii['ly, and more especially so where the ground is 
rough; thus the curve has frequently to be retraced several limes ljefoic it 
can be got right; Uenee the author prepared the methods in the following 
Problem. 

Problem II. 

To lay out a railway curve on the ground, by offsets from its 
tangents, no obstructions being supposed to prevent the use of the 
chain on the convex side of the curve. 

Case I. — When the length of the curve does not exceed | of 
its radius. 

Let A B, DC be 
straight portions of a 
railway, the points C and 
B being required to be 
joined by a circular curve 
BC, to which A B, DC 
shall be tangents, the 
radius B 0 of the curve 
being supposed to be pre- 
viously determined from 
an accurate plan of the 
intended railway. 

Range the tangents A B, D C till they meet at T ; and let 
the radius B 0 = 80 chains = 1 mile ; measure on B T the dis- 
tance By = 1 chain; and, at right angles to BT, lay off the 
offset qp = 4-95 inches, by Table No. 2, as in Problem I. ; then 
p is the first point in the curve. Next measure q q t = 1 chain, 
and lay off the offsetp a g t = 4'95 x 4 for the second point in 
the curve. The successive offsets, at the end of every chain, 
being 4, 9, 16, &c, or 2-, 3 3 , 4 2 , Sc., fimes the first offset pq, 
which mav also be found opposite the given rndius in the Table 
No. 2., as in Prob. I. 

When the offsets have been thus laid out, till the last one 
q, p s falls little short of T ; lay off the same offsets on T C as 
were laid off in B T, but in an inverted order, making the first 
distance on T C = Tq s ; thus completing the curve to C. 

Note. It can rarely happen in practice that the last offsets, from both tan- 
gents, will meet at the middle point p s of the short curve, as shewn in the 
figure; but will either intersect one another or MI short of the middle point 4 
but this is a matter of no consequence. , 
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EXAMPLE. 

Let the radius of the curve be ICO chains, required the offsets 
at the end of every chain, from the tangent to the curve. 
p q per Table (No. 1.) = 2'475 inches. 

p 3 q 3 = 2-475 x 4 = 99 

p 3 q 3 = 2-475 x 9 = 22-275 

Pa<1x = 2-475 x 16 = S9 ' 6 

&c. = &c = Stc. 

Case II. — To lay out the curve when it is any required length. 
In a long curve (of which, there are some more than two miles 
in length) the tangents, if prolonged to their point of meeting, 
would necessarily fall at a great distance from the curve, thus 
giving an inconvenient length to the offsets, which in practice 
should never exceed two chains. To remedy this inconvenience 
the curve must he divided into two or more parts, by introducing 
one or more additional tangents, thus the offsets may be confined 
within their proper limits. Thus the tangent T C may, in this 
case, he extended, another tangent applied, and the offsets laid 
off, thus repeating the operation of Case I. a second time : if the 
curve be not yet completed, the operation may be repeated a 
third, fourth, &c, time, till it he completed. 

Note. For a complete development of this important subject, see Hater's 
Land and Engineering Surceing, Part II., Chap. II., where two other methods 
of laying out railway curves ore given ; also methods of laying out compound, 
serpiitme and deviation curves, with original formula! ; all of which methods, 
as well as the two already given, were first drawn up by the author. See 
page 179 of the work above referred to, where a short history of the inven- 
tion is given. See, also, Tale's Geometry, page 247. 



CONTENTS OF RAILWAY CUTTINGS, &c. 

TABLES. 

The General Earthwork Tables, in conjunction with Two 
Auxiliary Tables, on the same sheet, in Baker's Railway En- 
gineering, or the numbers for the slopes in Bidder's Table, are 
applicable to all varieties of ratio of slopes and widths of forma- 
tion level in common use ; and with the help of Barlow's table of 
square roots, these tables will apply to sectional areas, with all 
the mathematical accuracy that can be attained, with very little 
more calculation than adding the contents between every two 
cross- sections, as given by the General Table. — The contents in 
the General Table are calculated to the nearest unit, as are also 
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those in the Auxiliary Table, No. 2, which is for the decimals of 
feet in the depths. The Auxiliary Table, No. 1, shews the 
depths of the meeting of the side-slopes below the formation- 
level, with the number of cubic yards to be subtracted from the 
contents of the General Table for each chain in length, for eight 
of the most common varieties of ratio of slope. 

The following diagrams and explanations will further illustrate 
the method of taking the dimensions of railway cuttings, pre- 
paratory to using the above named tables. 

Let A B D C c a b d, be a railway r. 
cutting, of which A 11 DC, aide 
are the cross sections, A B = a b = 
width of formation level, MM', mm' 
the middle depths of the two cross- 
sections ; the side-slopes AC, D B, 
a c b d, when prolonged two auu 
two, will intersect at N and «, at 
which points the prolongations of " N 
M M', m m' will also meet, thus constituting a prism ABM 
nab, the content of which is to be deducted from the whole 
content, given by the General Table, by means of the Table No. 
1 . ; in which the depth M' N = m n is also given, as already 
stated, to several varieties of slope and bottom width. 

To place this subject in a more practical point of view, let the 
annexed figure represent a longitudinal and vertical section of a 
cutting, passing through the middle AE of the formation level. 
H I, the line of the rails, and a k, the line on which the slopes, 
if prolonged, would meet. „ 
It will he seen that the 
cutting A b c d E com- 
mences and runs out on the 
formation level A E, and 
that the depth A a = B e 
= Cf = &c., is to be added 
to the several depths B b, 
C c, D d of the cutting, the 
first and last depth at A 
and E being each = 0 ; or, what amounts to the same thing, the 
several depths must be measured from the line a h : thus A a, lie, 
eg, &c, are the depths to be used. And since the depth A a is 
given in Table No. 1, for all the most common cases, or it may be 
readily found by calculation for all cases, (see Railway Engineer- 
ing), the line corresponding to a h must, therefore, be ruled on 
the railway section, at the proper distance below A E, from 
which the' several depths must be measured; or the vertical 
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scale may be marked with Indian ink, (which may be readily 
rubbed off) at the same distance, and this mark may then be 
applied to the formation level A E, for the purpose of measuring 
the several depths. — In the case of an embankment, the line for 
the several depths must be placed at a like distance above the 
formation level. 

Problem I. 

The several depths of a railway cutting to the meeting of the side 
slopes, the width of formation level, and the ratio of the slopes being 
given, to find the content of the cutting in cubic yards, from the 
Tables referred to, the distances of the depths being one chain each. 

Rule. — Take the several quantities, corresponding to every 
two succeeding depths of a cutting, or embankment, measured to 
the meeting of the side slopes, at the distance of 1 chain each, 
from the General Table in Baker's Railway Engineering, and 
multiply their sum by the ratio of the slopes; from the product 
subtract the cubic yards, corresponding to the given bottom 
width and ratio of slopes from Table No. 1 ., multiplied by the 
whole length of (he cutting, and the remainder will be the con- 
tent of the cutting in cubic yards. 

But, when the distances of the depths are greater or less than 
1 chain, the quantities of the General Table must he multiplied by 
their respective distances. — And, when the distances are given in 
feet, the quantities must be multiplied by those distances, and the 
final result divided by 66 for the content in cubic yards, as in the 
following 

EXAMPLES. 

1 . Let the depth of the railway cutting 
or embankment to the meeting of the 
side-slopes, at the end of every chain, be 
as in the following table, the bottom-width 
30 feet, and the ratio of the slopes as 2 to 
1 ; required the content in cubic yards. 

Note. In the annexed table the quantity 1238, 
corresponds to the depths 10 and 33 feet, in the 
General Tabic; the quantity 31/5 to the depths 
33 and 39, mid so on for the succeeding depths. 
By the Auxiliary Table No. 1, it nil! be seen, that 
the depth lo be added below the formation level, 
for the given width and ratio of slopes, is 7'50 » 
7J feet, therefore, the cutting begins and ends with 
a depth oflO— 1\ - 2Jfeet. The corresponding 
number of cubic yards, to he deducted for each chain 
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57309 



in length, is multiplied by i chains the whole length of tho cutting, thus 
giving tbo whole quantity to be deducted, tho remainder being the true 
contont in cubic yards of the cutting. 

2. The several depths 
of a railway cutting to the 
meeting of the side slopes 
are as in the annexed 
table, the bottom width 
being 30 feet, and the 
ratio of the slopes I £ to 
1 ; required the content 
of the cutting. 

Note. When any of the dis- 
tances between two succeed' 
ing depths is greater or less 
than 1 chain, the correspond- 
ing quantity from the General 
Table must be multipUed by 
that particular distance ; as the 
distances between tho depths 
20 and 25, and betwoon 32 and 
39, 4c, tho distance being 2 
chains. Thclastdistance.viz., 
that between 30 and 10, isl-43, 

in this case 2 figures must bo cut o£f for decimals, after i 

3. Let the depths of a 
railway cutting to the 
meeting of the side slopes, 
find their distances in feet 
he as in the annexed table, 
the bottom width 30 feet, 
and the ratio of the slopes 
I^tol; required the con- 
tent in cubic yards. 

Notb. When the distances 
are in feet the quantities from 
General Table must bo re- 
spectively multiplied by their 
distances, tbo quantity from 
Table No, 1, by the whole dis- 
tance, and the result divided 
by 66, tho feet in 1 chain, for the content in cubic yards. 

Problem II. 

Case I. — The areas of two cross sections of a railway cutting 
to the intersection of the Side slopes, Us length in chains, bottom 
width, and the ratio of the slopes are given ; required the content 
of the cutting in cubic yards. 

Rule. — With the square roots of the given areas as depths, 

7 



DM. in 
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plied by lougtb. 


Total 
quantities. 
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00 
178 
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37 
50 
61 
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4660 x 90 
7554 x 88 
6210 x 100 
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664752 
G21000 


For slopes 1 to 1 1705152 


366-67 k 278 = 101933 






66)2455795 
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find the content from the General Tahle, as m the last Problem, 
from which subtract the quantity answering to the given width, 
and the ratio of side slopes from Table No. 1, and the remainder, 
being multiplied by the length, will be the content required. 
Note. If .the length be given io feot^ proceed as in Example 3, last Problem. 



1. Let the two sectional areas of a cutting be 4761 and 1296 
square feet, the bottom width 36 feet, the length 3-25 chains, 
and the ratio of the side slopes 2 to 1 ; required the content in 
cubic yards. 

^ 4m - 69 ] content per General Table 6959 
^1296 =-36 J 

For bottom width 36 and slopes 2 to I, per | op- 
Table No. 1 j am 

Content for 1 chain in length 6563 

19689 
1641 

Content for 3-15 chains 21330 cubic yds. 

Case II. — In measuring contract icork, where great accuracy 
is required, the ^ths of a pot, or second decimals, must 5s used 
in the calculation, by taking for thim ^th of their respective 
quantities in Table No. 2. 



The areas of seven cross sections of a 
railway cutting to the meeting of the side 
slopes and their distances are as in the 
annexed table ; the bottom width is 30 feet, 
and the ratio of the slopes H to I ; required 
the cubic yards in the cutting. 

Ans. The content, per General Table, 
and Table No. 2, is 172318 cubic yards, 
from which the quantity corresponding to 
the given bottom width and ratio of slopes 
X by the whole length, viz. 275 x 18 - 4950 cubic yards 



1400 
Hi -no 
ls-oo 
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must be deducted, which leaves 167568 cubic yards, the content 
required. 

Note. For further explanations and numerous examples of the methods 
of finding tho contents of earthwork, see Baker'i Land and Engineering 
Surveying. See, also, TaU'i Qeomctry, paga 252. 



GENERAL RULE FOR FINDING THE CONTENTS 
OF SOLIDS. 

Tlie wedge, the prisinoid, the pyramids, and their frustums; 
the whole or a segment, or any portion of the whole, contained 
between two parallel planes perpendicular to the axis of a sphere, 
of an ellipsoid, of a paraboloid, of an hyperboloid, may be found 
by the following general formula. 
* Let A and B be the areas of the ends of the solid, C the 
area of a section parallel to and equidistant from the ends, and 



The following investigation of this very general Rule was given 
by B. Gom.fe.riz, Esq., F.R.S., &c, in the Gentlemen's Mathe- 
matical Companion for 1822. 

Let x be tiie variable distance from a given point of another 
section parallel to the two ends, and a, b, c be given quantities, 
the area of the said section will be a + 6 x + c r, as this will 
contain the cases of the sections of the solids, enumerated in 
the Rule ; for instance, in the pyramid or cone, the area of the 
section may be expressed by c x', in the wedge the areas may be 
expressed by a + b x + c cr, a, b, c being constant for the 
same point and wedge for any parallel section to a plane given 
in position, as long as the section has the same number of 
sides. In the paraboloid all planes perpendicular to the axis, 
if the given point be the vertex, will have the areas of their 
sections expressed by b x. In the ellipsoid or hyperboloid, the 
point being in that vertex of the axis about which it is re- 
volved, the area of the sections may be expressed by b x 4- c x-, 
c being negative in the ellipsoid and positive in the hyper- 
boloid. And I observe from the method of equidistant ordi- 
nates in curves, or of sections in solids, see the method of 
differences, if A, B represent the areas of the two ends, C the 




The solidity = 



A + B + 4 G 
6 



X L; 
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area of the section in the middle between them, and L the 
length ; then 

The solidity= A + B fi + 4 C X L Q. E. T. 



EXAMPLES ON THE FOREGOING RULE. 

1. The length of a railway cutting is 5 chains or 110 yards, 
the top width and depth at one end are respectively 120 and 
30 feet, the top width and depth at the other end are respec- 
tively 90 and 20 feet, and the bottom width 30 feet ; reqiiired 
the content of the cutting in cubic yards. 

Ans. 20777$ cubic yards. 

2. Required the content of a sphere, the diameter of which is 
12 feet. Ans. 33-5104 cu&ic yards. 

Note. Here the areas of the extreme sections are each = 0. 

3. A cask is in the form of the middle zone of a sphere, its 
top and bottom diameters being 34 inches, and its height 30 
inches, inside measure ; how many gallons will it hold ? 

Ans. 149-22. 

4. How many gallons are contained in a cask, in the form of 
the middle zone of a spheroid, the bung and head diameter being 
40 and 32 inches, and the length 36 inches, all internal measures? 

Ans. 143J imperial gallons. 

5. How many cubic feet are there in ft parabolic conoid, the 
height of which is 42, and the diameter of its base 24 inches ? 

Ans. 5-4978 cubic feet. 

6. A 5 inch cube of ivory is turned into a sphere of the same 
diameter ; what weight of ivory will be lost, its weight being 
1820 ounces (Av.) per cubic foot? Ans. 61-44 ounces. 
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TABLE No. I. — THE AREAS OF SEGMENTS OP CIRCLES, DIAMETER UNITY". 



■000042 
•000119 
•00021 D 
■000337 
■000470 
•000818 
■000779 
■000951 
■001135 
■001320 
•001533 
•001746 
•001968 
■002199 
■002438 

■002940 
•003202 
003471 
•003748 
•004031 
•004322 
"004618 
■001921 
Ti'SrO 
■005546 
•005817 
•008194 
•006527 



.014681 
■015119 
■015561 
•016007 
•016457 
•016911 
■017369 
■017831 
■018296 
•018766 
■019239 
■019716 
■020196 



-024168 
■024680 
•0251S5 
•025714 
■020236 
•028761 
■027289 
■027821 



•C09763 
■0X0148 

•010537 "089 -034441 

■010931 -090 -035011 
•011330 '091 -035585 

•011734 -092 -036162 
■012142 -093 i-036741 

■012564 -084 -037323 

•012971 
■013392 
■013818 
■014247 

Note. When the tabular height exceeds the heights given in this Table 
the segment must be divided into two equal parts and their common versed 
tine found by Prob. TI., page 26. The tabular heights will then fall within, 
this Table, whence the area of the whole segment may be found. 
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ME. WEALE'S- 
PUBLICATIONS FOR 1861. 



RUDIMENTARY SERIES. 

In demy 12mo, cloth, prico Is. 

KUTH.MENTAliY. — 1. — CHEMISTRY, by Fro 
feasor FOWM;s. L'.u.S., iudu-Unf* Agricultural Chemistry, 



RUDIMENTARY. — 3. — GEOLOGY, by Major- 
Gen. PORTLUCK, V.H.S.. &c. 
In rtcmv i»ni.>. W. clients, cl.itli, pricolt 

■RUDIMENTARY. — 1, ri. — MINKii ALOGY, witU 

-l*' ',Iv. I1AV.VS A.!,ii1i.-.ii-. >„1h. i:> 1. 

RUDIMe"nTABY.--6.— 'SSbO^ANICS. by 
r;iiAt:r.!-.s tumlikshk. 



iv l-2iiic. M-Lth WrioikMis r'otli. rrirc Gil. 

> I M E N TARY. — 7*. — ON GALVANISM ; 



rud: 

-tV AN 



In ilemy !2mo. »-it:iV>*<. iknn. i-imti, |iric« 3b. 01. 

RUDIMENTARY.— 8, !), 10 —MAGNETISM, 
^ Coneliw Exposition of, by Sir W. SNOW HARRIS, a rola. 

Tn il.-Tuy latiin. wirli VVo-.!ci:ls, riu-]i. iv,«. as. 

RUDIMENTARY. — 11 11*. —ELECTRIC 
TELEGRAPH, History of the, by E. HIGHTON, C.E. 
In itemy limn, vvilli WiMlmi'. rlnrli. pi-jcn lu. 

"RUDIMENTARY.— 12. — PNEUMATICS, by 

CHARLES TOMLINBON. 



Tn ilnrtiT ILImn, v,-j;li IVncdcuM, iloih, price Is. 

"RUDIMENTARY. — 16. — ARCHITECTURE, 

Oiders of. bv w. H. LEEDS. 



Aiders of, by Vi 

with Woodcuts, ol< 



PUDIMENTARY. — 17. — ' ARCHITECTURE 

*•* Style) Of. bv T. BURY. Architect. 



j^E, "WE ALE'S RUDIMENTARY SERIES. 

in n.-Miy r.'ilu.'iiiM.-Wi.'jritius, nhm^s7 

■RUDIMENTARY.— 18, 19.— ARCHITECTURE, 
Principles of Deaifin In by E. L. GABBBTT, AreMttct,2 vols. 

Til ilmiiv Wn di-.n'M, tln'li. jiriff 5r:. 

■DUDIMENfAllY.— 20, 21. — lMiKSFECTIVE, 

_. by (i. PYNE, Artist, 2 vols, in 1. 

In linniT limi, iri-.li Wodm's. clntli, price Is. 

EUDIMENTARY. — 22. — BUILDING, Art of, 
by E, DOBSON.CE. 

In linmy 13nio, with Wood eats, cloth, price 2a. 

RUDIMENTARY.— 23, 21.— BRICK-MAKING, 
TILE-MAKING, Ac, Arl of, by E. DOBSON, C.E., 2 vols. 

.5. 

RTONE-CUTTINO, Art 



J OF COLOURING, by GEOKGE FIELD, 



RUDIMENTAR Y.— 29.— PRACTICE OF 
DRAINING DISTEICTS AND LAUDS, Ait of, by G. D. 

di:mi'si;y, c.i:. 



lii i:.!i:iy l'_>mn. ivilli W'-niSculs, fifth, livi.'c Is. fi-1. 

EUDIMENTAR Y. — 30.~RRACTICE OF 
DliASMM; AM' 1 AGE 01'' TOWNS AND BUILD- 
INGS, Art of, hi CD. DEMPSEY, C.V.. 

PUDIMEN^TrY. 11 ^™' 1 ' " 



! N T ARy]* — ^ ; 

0HANE3, Art of, by J. GLYNN, F.R.S., G.E. 

I:i .l.-:.v lLJlii.1, 

RUDIMENTARY, — 34. — STEAM ENGINE, 
Tre.tlgeon the, by Dr. LAK D N E R. 



In il.my ISrao. witb Woodcuts, olotb, price 4». 

13UDIMI-NTAUY.— 3C, 37. 3b. 39.— DICTION- 
TV Al'.V <II- TKUMrf In- Ar.'l.iliii^, 1! ii [(.!.! :>. Civil m:d 
Mechanical Engineers, Surveyors, -Artiste, Ship-built! era, Sic, 



John Wealo, tl>, High HoUjoin, Loioon, W.C. 



3 



"WEALE'S RUDIMENTARY 



RUDIMENTARY,— 41. — PAINTING ON 
GL ASS. Ess:.}- on, liy O. FROMBEHG. 

1:: •!•- • 12m", .. Willi \VoWcili"s'.'r.l.»t!l."f>7i"c« Is. 

RUDIMENTARY.— 42.— COTTAGE BUILD- 

In demy limn. -.-i',]] WihiJcC;, r.lnth, price lS. 

p UDIMENTABY. — 43. — TUBULAR AND 

J* GIRDER BRIDGES, and others, Treatise on, more partlcu- 



P UDIMENTABY.— 44.— FC 

-*->' by ]■:. HOHKON, 



RUTJllIENtARY. — 45."— in^^'cEMENTS, 
MORTARS, CONCKLTi-;, MASTIC.-;, ic, bv (.:. li. iiUil- 
NELL, U.K. _________ 



[]] ficiin' l-'-lii. i(itll rills. 1 1 1- L 1 ■ :1s. 

T) UDIMENT A RY. — 47, 48, 40. — CONSTRUC- 

J-V TION AND ILLUMINATION 01' LIGHTHOUSES, hy 
ALAN STEY F.N-O N. r.r... a v..ls. m l. 



9, cloth, price la. 

RUDI M .K N T A If. Y. — 50. — IjA W Ob' CON- 
TRACTS FOR WORKS AND SERVICES, by DAVID 

GIBBOUS. 8.F. 

In dmiiv 13 i,.>. wiiii Wuodtuts, cloth, price 3a. 

RUDIMENTAR Y. — 51. 52, 63.- 
AR( 

N.A.,:j v ( 



with Woodcuts, c 



p UDIMENTABY AND ' ELEMENTARY.— 53*. 

-IV —PRACTICAL CONSTRUCTION concisely Btarfd of Ships 
for Ocean or Rivet Sen-ice, by Captain H. A. SOJIMERI'ELDT, 

N.K.N . _ 

InrnynMm i til i-^.-rav,Tl 1'ljitr*. Milit. |iricn 7n. lid. 

p UDIMENTABY. — — AT I, AS -of 15 Plates 

-l-V to ditto, dra.n and engraved to a Scale for Practice.— Forlhe 

cnnvanionco nf iiw -ninth Sliin H-'ililt-:- iln' Albs maybe bed 

in three separate Parts. Part I., 2s 6d. Part II., 3a. Od. Part 



Rudimentary"-^ 
making, and rigging of ships, by r. kipping, 

IrTdVrnv Itan. with WrwdcuVs,Yloth," price la.M. 

P UDIMENT A R Y. — 54*. — IRON SHIP BUILD- 

JV IKO, In JOHN GRANTHAM. N.A. »nd C.K. 
Ill ilernv 13..... ...-iu, tV..<v!f.i'.s. clnlh, price 2s. 

RUDIMENTARY. — 55, 56.— NAVIGATION ; 
THE SAILOR'S SB A- BOOK. —How to Keep the Log and 
Work it Off-Ln'itMii- :lh:I L..:i S itmio- (iron! Circle tmilintc-Law 
of Storms and variable Winds; nod an Explanation of Terras used, 
with coloured Illustrations nl Flags, 

John Weals, 60, High Holborn, London, W.C. 
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J|R. WEALE'S RUDIMENTARY SERIES. 

In ilni-.v iJ n iili \V,.'u1.-m^, eli.'Ji, 'J.-;. 

R UDIMEN TA I; Y. — 57, 58, — WARMING AND 

VENTILATION, by ClIAtll.l^ T OHL1SSON, S vola. in 1. 
In dfimv 12m". with WoodeniB. olntli, prieo 1b. 

RUDIMENTARY.— 59.— STEAM li OILERS, by 
_ ii. AitainTi tfiNC r..K. 

In il,.-nv lafii.i. »i:li IV „ iltni.s, clulli, yiice i ■. 

RUDIMENTARY. — 60, 61. — LAND AND 

J* ENU1NEE111NU SURVEYING, br T. BAKER, C.B.,avuls. 
In (iemv l-'mt-, with Wnnd<tiitn, rli'th, pticn Is. 

j|UDIMENTARY AND ELEMENTARY.— 62. 

..-i iiner In 111 
.MA(JIKINALD 8l'l 

T7M,"~^"!^,,/,.".,i,i, \y,,.,.ir.: T s rlT.T,, K, 

-RAILWAY WORK- 

SMtistical DeUila, Table of 
i.nptlal mill uivmrrnlH. iuivnm.! AtrnniilH. Sl-nnK &c... Vol. II. 

RUDIMlV'i » I; V— (..3! °(i4, G, 1 .— AGRICULTU- 

" ItAL BUI I.D1 So ■ llniC-.iiisiriittlon or, on SloTive Po-om. 
a ml tl;o Machinery .1 M„- Siemiinj,'; mid m Agricultural Field 
Erj.in.iB, Midline,. „,,.l Imnl^iieniH, by G. H. ANDREW9, 3 



In demy ism- « i;:i \v™;L'in», ck.tti, nri™ a-. 

RUDIMENTARY. — C7, 63. — CLOCK AND 

IV WATCH-MAKING, AND ON CHURCH CLOCKS AND 
BELLS, by E. B. DEM SON, M.A., 2 Yd*, in 1, considerably 

exlciided_._Fnurih Edirtiin. 

In ilemr l*n". with Woodcutu, clotli, price Sa. 

R UDIMEN T A RY. —69, 70.— MUSIC, Practical 

1 V TrHnMni- on. Iii- C. C. 3PEHCF.H. Win. Dr. 1 volg. i n 1. 
In ilemi 12mn, cloth, prlcn In. 

R UDIMENT ARY. — 71 . — PIANOFORTE, In- 

_ Btnieli..!) for i'latlng the, by O. O.SPENOKK, Mus. Dr. 
In tloruy lain.', "itli Hteol ETi::r:iviu-;s :ind Woodcuts, cloth, price 
Ba. fid. 

RUDIMENTARY. — 72,73, 74,75,75*. — RECENT 

' V FOSSIL HHT.U.S (A Milium! of til* M-.ll.^c.:.), tiy SAMUEL 



K UDIMENT ARY.— 7&'W— STEAM* AS *AP-. 
i'l.IEDTO OI'NKIiAl, I'LliFOSES. 
Jonn Weale, 53, High Holborn, London, W.C. 
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j^H. "WEALE'S RUDIMENTARY SERIES. 
2^UDIMENTABY.- W "°' 1 
RUDIMENTARY.*— 79' 

" GRAVED PLATES to 
ENGINES. 

In demy 12m^, witli WrnirlctiN. cloth, nrice In. 

13 UDIMENTAEY. — 79**. -j- ON PHOTO GEA- 

" THY, Die (.■■>'ii:: '.-iii.„i .ni.l rr.. L i,-r:ies t .f Lhs Ciiemloal Sub- 



., by JOHN WIGGINS, F.G.S. 
In demy 12ra«. with Woodcuts, cloth, oricn 2s. 

RUDIMENTARY. — 82, 82*. — POWER OF 

■l* WATEH, A3 APPLIED TO PP.IVE FLOUR MILLS, 

by JQ3EPII GLYNN. F.H.8., C.E. 

In demy 12mn, clolh, orica la. 

IJUDIMExJTABY.-cia- BOOK-KEEPING, by 

■*■*> JAMES II ADDON, M.A. 



In duny 12mo, with Wnndculo, doth, price 3'. 

"13 UDIMENTAEY. — 82***. — WATER WORKS 

-l^ FOR THE SUPPLY (IP CITIES AM, TOWNS} Works 
which have been eiecu:cd for procuring Supplies by means of 
:n Areas end by Pumpm;; fi.ni Wills, by SAMUEL 



OH IIS, C.E. 



R UDIMENTAEY. — 83 {bis) — FORM 
SHIPS AND BOATS, by W. BLAND, of Hurtll 



In dsmy 12mo. elotb, price U. Bd. 

RUDIMENTARY.— 84*.— KEY to the above, 

« by 1'rof. J. It. YOU NCI. 

Rudimentary! *— YrT— 'equation a l 
ARITHMETIC, Qoeslloni of Interest, Annuities, Ad- by 
W.HH'rilXY. 

John We*le, 63, High Ilolbtrn, London, ,W.C. 
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J£R. W BALE'S RUDIMENTARY SERIES. 



EUDIMENTA KY.— 65*.— SUPPLEMENTARY 
volume tii ini'sr.iLV ^ koi'atidsal arjtiime. 

TIC Tables for 111" L'lkulition of simple Interest, wlili Logarithms 
f.ir l.'.Jmpmm.l i:.;, r,." A.imiithi*. &c , &c, by W. 1 [ Il'-l.K V. 

RUDIMENTARY — 86, 87. — ALGEBRA, by 
D UDIMENTARY^Se' 0 ,' 87*!^ELEMENTS OF 

-EV ALGEBRA, Key to the, by Prof. YOUNG. 

its, price 2s. 
-EL""" 
■y HENRY LAW, C.E 

yT— 90.-^GEOl(l 

I„by Prof. JAMES U 
In demy lamn, with Woodcuts, clotli, price Bn. 

■RUDIMENTARY. —91, 92. — PLANE AND 

■*■*> SPHERICAL TRIGOKC-METKY, by Ihe mme. i Tola. In 1. 
In <'...-ni'. J l^rii 1 ', v.-itl: \V<-.i..i-.its, c^tli, orice lri. 

RUDIMENTARY.— 93.— MENSURATION, by 



RUDIMENTARY. 



In iI^thv 12ri". 'villi \V.:..ilr.nK c!"iti. piir^ IS. 

pUDIMENTARY.-:i'i._rOPULAE ASTRO- 

KO MY. Bythe Riiy. KOP-EltT MAIN, M.R.A.S. 
In ii 'my lini", irilli V,' oilri-r., i-L'-Tli. :>r : ci- Is. 

RUDIMENTARY.- 97. -STATICS AND DY- 

^ HAM1CB, by T. BAKEIt. C.E. 

III demy 12-mn, wiili SJO Wn.,..ki:H, rlith. pricn 2s. 8d. 

RUDIMENTARY. — :>S, 08'. — MECHANISM 
J-t am) I'RAcnc.vi. comstiujution of machine, 

bp T. li.VlvLli, L'.B, and ON TOOLS AND MACHINES, by 
JAMES SASMVTH, C.E, 



>loUi iP ric B If 

TABt.ES. eomjiilml fnr [ii 

111 dfmy 12mo, cloth, price Is. 

RUDIMENTARY. — 101. — DIFFERENTIAL 
li - c\w:.i;.v.-~. i.v v.- \voi)LH()i;M:. i-.r.a.s, 

John Welts, 69, High Holliorn, London, W.C. 



WEALE'S RUDIMENTARY SERIES. 



In demy V2mo, in cloth, price Is. 

T) UDIMEN T A E Y , — 102.— INTEGRAL CAL- 

±± ClfLIJB.br H.rn x .M.4. 

Iii uamy limn, [n cloili, price In. 

RUDIMENTARY.— in;i,— INTEGRAL CAL- 
CULUS. EiJimvlff «f. l.v I':-'". JAM KB HANS. 



Rxmm^TA^Y^—w^—^Ml&mn^,' geo- 
HETRY, AND TBI GO NO MET 1: V , Mnemonic a! Lessons, 
hythoKav. t. i'f.nvm; ru.N kiiikmin, m.A. 



In demv 12m", Willi Woodcuts, prion 12*. Bil. 

RUDIMENTARY. —107. — METROPOLITAN 

-L*- BUILDINGS ACT in present operation, with Notts, and tba 



RUDIMENT A I! Y. — I f j.s. — _M E'fliO POI.ITAN 

rudimentary"— ioa — 9 limited lia- 



In demy 12mo, cloth, price la. fid. 

TJUDIMENTARY. — 112. — DOMESTIC MEDI- 

(JIN K, Pin^i-.l;vlM.; HEALTH, by M. KASI'.Ul.. 



In demy 12mo, clolh, pries la. 64. 

T> UD1 MENTAL; Y.— 11:;.— USK OF FIELD 

AV ARTILLKUY on sLKYicn liy l.iLiit.-Col. HAMILTON 

MAXWELL, B.A. 

In demv \->':i:\ i-.-.lti Wii-Ii-iim. i-i 111. pric'i In ltd. 

T> UDIMENTAIiY. — 1M. — ON" MACHINERY : 

*■*' JtNiliiiii'iiliuv a-!il I'.li'iroiii.n-v T*:-biifi : .!.>s if Ilia Cirislr.i: ion 



and on tin: \V.-..ri:iii_- -f M i-l.iiicry,"l>y C. 1>. AltKL. I'.K. 

In royal 41o, clotli, price 7s. 6d. 

RUDIMENTARY".— 115.— ATLAS OF PLATES 
OF SEVERAL KINDS OF MACHINES, 17 very valuable 
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jY^R. WE ALE'S RUDIMENTARY SERIES. 



i Mndern Addition* liv T. itA K EK, C.E. 



"RUDIMENTARY.— 116, 1 10. — ON THE CIVIL 
.It enoini:i:i:[m: or Nor.i ii AMi~i;]CA,by d. steven- 

SON, C.E. 2 v,.ls. In I. 



UDIMENTARY. 



GABLE CANALS. 



UDIMENTARY — "\-2Z. "— ON "cARPENTSY 

AND JOINEUY. fomidcfi on Dr. K..b i son'a Work. 



R 



In (lomv 4tn, clcnh, price it. Gd. 

T> UDIMENTARY. — 1 23*.- A T L AS of PLATES 

J-V in detail In Ilia CARPEN n: i" ASD .KUNERY. 123 id J 

12S« bound teg-tlier in olnlh in 1 vol. 

In demy ISmn. with Woodcuts, elo>h, prica 1b. 6d. 

"15 UDIMENTARY. — 124. — ON ROOFS FOR 

■l* PUBLIC AND PI'. IV ATE BUILDING 9, founded on Dr. 
Bobiaon's Work. 

y.l 4to, clot It, price 4a. Of. 

Y, , -RKPKNTLY CON- 

liTUUC l'ED IIJON HOOFS. Atljs of plates. 
In dflmy ISiii", v.itL % V . > ■ ■ i ( 1 1 : ^ . i-lnrli, prlca Sj. 

IMENTARY.— U:,.— ON THE COMBUS- 
TION' or coal and tii k I'iu;vi:nti >s of smokf. 
. m)<nl>7 

WILLIAM: 



In it'mv limn, rfnlli. 1 MB anil I'M tngettior, prlca 3s. 

UDIMENTARY. — 12(J. — ILLUSTRATIONS 

WILLIAMS'S CUMLUSTIO.N Oi- COAL, 125 U rui lie, 



- PRACTICAL IN- 

- Oe AKCIilTECTUKAL 

MODELLING. 

John Weale, i>!\ II!,;!: II-lLorn, L inilon, W.C. 



jyE. W BALE'S KUDIMENTAEY SEEIES. 



Ill ilnmj i,'i:n\ j Llli liiinritvinj;:! ami W'""i<",i(i.. 

RUDIMENTARY.— 1 Stf. — TILE TEN BOOKS 
OP 11. VITIIUVIl-s ON C1V1I,, MILITARY, AND 
NAVAL ARUHITEUTURF., truusliiioa by JOSEPH GWILT, 
Arch. 2 vols. In 1. 



In (I<-:liv l'.!::|.i, I'.N ..rid l-"!! l" ; ;.jl!:i;r, fl.ltll. ;>ric>. :1s. 

■RUDIMENTARY. ~ 120. — ILLUSTKATIVE 

I*- M.ATlvi TO \'[TUUVILS'» TE.N HULlKi, i>y [llu Aulhor 
and JOSSHH CANDY. It. A. 



Id demy 12mo, cloth, price Is. 

■RUDIMENTARY. — — INQUIRY INTO 

T1IL HtiNCllXliii OF UKAUTY J N liliLL'lA.S ARCHI- 
TECTURE, by the Right Hon. too Ear) of ABERDEEN, &c Ac. 



Iq demy 12mo, cloth, price Is. 

*R UDIMENTARY. — 131. — THE MILLER'S, 

■iV MERCHANTS, AND FARMER'S READY RECKONER, 
rorasccrinimiiL- 'it sL.jh; ili.i V»)m- nf miy quantity of Com ; toge- 

111. T .,,...,...,xil,i .,[ M.UM.il,^ illirl Mill work. 



In damy ISmn, with Woodcuts, ctoth, price 5s. 6d. 

■RUDIMENTARY. — 132. — TREATISE ON THE 

ERECTION HI' IHYI'.Ll.lNO llOi:Sl-,ri. WITH Sl'F.Ol- 
FICATIOMj.tiUAS-I'lTIEa OF Til B VARIOUS MATERIALS, 
&c.,bv rf. H. liltuOKJi, Architect. 'U Plates. 



R UDIMENTARY SKlUEsS.— ON MINES, 

-li SMELTING WORKS, AND THE MANUFACTURE OF 
METAl.S, ax follows. 



I., ii-niv wuli \\'(j..ilc it., cloth, price Si. 

■RUDIMENTARY. — Vol. 1. — TREATISE ON 

JV THE METALLURGY OF COPPER, by R. 11. LAMBORN. 



In demy 13ino, to bavo Woodcuts, cloth. 

T) UDIMENTARY. — Vol. 2. — TREATISE ON 

"> THE METALLURGY OF SILVER AND LEAD. 



In demy 12mo, to have Woodcuts, cloth. 

RUDIMENTARY AND ELEMENTARY. — 
Vol.3.— TREATISE ON IRON METALLURGY up lothe- 
Manufacture of the latest processes. 



" " In ilemv lIMio, M Imv... Wo-nlcuis. cl.ith. 

RUDIMENTARY AND ELEMENTARY.— 

5S> Vol.4.— TREATISE ON GOLD MINING AND ASSAY- 
ING PLATINUM, IRIDIUM, etc. 



Rudimentary""' and ^ elementary. — 
Vol. 6.— TREATISE ON THE MINING OF ZINC, TIN, 
NICKEL, COB ALT, 4c. 



In demy 12too, to have Woodcutu, doth. 

RUDIMENTARY" AND ELEMENTARY.— 

XV Vol. 6. — TREATISE ON COAL MINING (Geology ami 

Means of Discovering, 4c.) 

In rlemv ISmo, with Woodcuts, cloth, price Is. 6d. 

RUDIMENTARY. — Vol. 7. — ELECTRO-ME- 
TALLURGY. — PraciicaHy treated by ALEXANDER. 
WATT, F.K.3.A. 

John Woale, 69, High Holborn, I^ndon, W.C. 
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vJEW SERIES OF EDUCATIONAL WORKS. 



hr prI 0F 

LAND. — 1, 2, 3, 4.- By W. D. HAMILTON, of Ihe SUM P 



ONST LT UTIUN AL HISTORY OF ENG- 

- toP.O. 



In demy llm,>. wifli '.Vo.ulrnt-., clo'li, price 2n. M. 

f\UT LINES OE T1IK 1 J ISTOIiY OE GREECE. 

V —5, 6. -1N W. D. HAMILTON', 1 vote. 

In demy LiinV', wjih Map "f Ir:iLv mid Wmu.I.-iih, cli>r]i, pries -j-i, G.t 

OUTLINE OF T1IK J II STORY OE HOME.- 

yJ 7, 8.— Hi- W. 1.1. HAM li. TON. 2 vols. 

In demy 12mo, cloth, prlco 2a. at. 

CHRONOLOGY OE CIVIL AND ECCLESI- 
ASTH AL lll.-iT'HiV, i.ITKKATL'HL-:. ai;t. ami CIVI- 
LISATION, from [lie earliest pi'rioil M t!m pur^n!.— 9, 10.— 2 vols. 



NGLiSI 



,ISH LANGUAGE. 



H A 



DICTIONARY OF THE ENGLISH LAN- 
GUAOE.— IS, 13. -A New Dictionary oft lie Kngllsh Tunstie 

npokuli w.:- tr--!i, rLli ive HJ-.i.i' ("I r.l-i, i; .V.'.l l ' i' ^ in 

Any eiUlirc wurk. by 11 !'[>[! CL.MLKt;. L>.i_:.c... -i to! i. in 1. 



y 12tuo, cloth, price In. 

THE GREEK II 

-By H.C. HAM :1. 1'llN. 



Q. RAM MAE OF THE GREEK. LANGUAGE. 



in demy limn, doth, pri™ 2s. 

DICTIONARY OF THE LATIN AND ENG- 
LISH LSM;t.Uii;-.-;.i 1].-Hy tin- l;..-v. T. GOODWIN. 



WIN, A.li. Vol. II. 



In demy 12mo, eloth, price Is. 

QRAMMAR OF THE FRENCH LANGUAGE. 

John Wcile, 50, High Holborn, London, W.C. 



OigiiizM By Google 



JJE. WEALE'S EDUCATIONAL SERIES- 

In demy 12mo, cloth, price Is. 

T\ICTIONARY OF THE FRENCH AND 

ENGLISH LANGUAGES. -25.— By A. EI, WE*. Vil. T. 
In tLcir.v ;_'n]>. el -.It!, nrlM Is. ij'l. 

T\ICTIONAKY OF TU li ENGLISH AND 

-l- 7 FRE NCH LAN .UAG K.S.-M.-li.- A.ELWES. Vol II. 
Ill .Iran ['.'m.i. i-lilli, rrlcn )■!. 

rt RAMMA1! OF THE ITALIAN LANGUAGE 
*J -27.-B7A.ELWE8. 



T» I( 

ELWB3. Vol. I. 

In demy 12mo, cloth, price 2a. 

. rjIOTIONARY OF TMK ENGLISH, ITALIAN, 

iJ jiN'i) ; : ];]'.NCI1. I.AVGUAtiES.— 30, 31.-By A. BLWZS. 
Vol.11. 

In demy 12mo, cloth, price 2s. 

niCTlONAUV OK TliF FRKNCII, ITALIAN, 
" and j-.nu i.isji laxi;i:ai;i;s.-;j-.!. a. i;lv,'i:b. 

Vol. III. 

In dcm v 12mo. cloth, price la. 

GRAMMAR OF THE SPANISH LANGUAGE. 
—31.— By A. EL WES. 

In demy 12mo, clolh, price -Is. 

rilCTIONARY OF THE SPANISH AND 

J-' ^ ENGLISH LANGUAGES. -35, 3fi, 37, 38.— By A. ELWES. 
in 1 km j- iui-.i."< ; n7:i."in'if"' Tj. 

Q.RAMMAR OF THE GERMAN LANGUAGE. 
CLASSICAL 1 GE™iMTN 'READER.— 40.— From 

^ the beat Authors. 

n demy \1mi, clnth, priw 3k. 



In demy Hmo, cloth, price 7s. 

DICTIONARY OF THE HEBREW AND 

ENGLISH LANGUAGES.— 44,46— Containing the Biblicnl 
Mill Unli'iii-ic;.] vr.v:,U, V .,,1.-. C.-ulln-r v.-illi i>.,- i! i:-.:iimnr, v. l.idi 
niiiv h». i.iiil s-.-pni.'-.u-iv i'.-r Is.'-, l,v 11/, BRESM.AU. Itelircw Pro- 



in aemy inav, cintn, price oa. 

DICTIONARY OF THE ENGLISH AND 

HEBREW LANGUAGE3.-"tfl.-Vol.III.tocomplete. 



In demy 12mo, cloth, price Is. 

JfRENCH AND ENGLISH PHRASE BOOK. 

"9, Hlgli Ilolboro, London, W.C. 



jj^E. WEALE'S CLASSICAL SERIES. 



NirW in conrBe . r Ivlilicm i.m, in Jnnv 1 -J;:i.>, prici- Is. per Volunio 
(,-iccpi in s.-.me Instances, i.uil rl.i.M ure Is. 'ill. it 2s. each). Ye ry 
neatly priori ..11 i^oJ p;i;>vr. Tliuse prk-U :ire publiaaed. 

: AND LATIN CLASSICS. — A Series of 

.. . . mining the principal Graik and Latin Authors, 
accompanied bf l';\|!liin:k( ■■>' X>.!i-» in i::iKU>!;. pi iucipally aeleclt-d 
from the beat uiinl un-s: im;o;i! 'li'iiiMU Commentators, atd com- 
priaing all lho.50 Work: tlurt ossi:ii-.i.il for iho Kclinl»r and 1 tiK 
Pupil, and ep|i]lcabl« fur tlia Universities of Oxford, Cambridge, 

!v.lii i lv..r;;li,til I LS S! .w,A! l Td lli ;n.rili,U>ul,iill — llu' College* at Bel fust, 

Il"rrow,"liugri;-, fcc, -also [or Prime Tuition uid Inatnutton, aud 



In demy 13mo, boards, price la. 

QORNEL1US NEPOS.— 3.— With English Notes, 

In iliimy limo, b";iroX price Is. 

VIRGIL.— 4.— TheQeorgics, Bucolics, withEnglisli 
Notoi. 
7 12mo, boards, price 2a. 

D.— 5. — (Oti the same plan as 
the preceding). 
In demy 12mo, boards, price la. 
IT ORACE.— a— Udes and Erodes ; with English 
■d Notes, and Analysis and Explanation of the Metres. 
In ilemv I'.'ni!!, iiusiiM.-, price is. (id. 

TT 0 R AC E. — 7. — Satires and Epistles, with English 
Z___ Nolea ' frc - _ _ 

In domy I2rao, boards, price Is. W. 

C ALLTJST . — 8. — Conspiracy of Catiline, Jugur- 

*J thine War, with English Notes. 



'TERENCE. — 10. — Phormio, Adelphi, and Hecyrn, 

-*- with English Notes. 

In demy 12 mo. 

pICERO. — 11. — Orations against Catiline, for 

V> Bulla, for Arct.ias, and lor rho Maiillan Law. 

In demy 13m 0. 

CICERO.— 12.— First and Second Philippics ; Ora- 
tions for Mi!o, ft-r Hiir.'ftllm, 
John \V( alp, llijjli lli lbun London, IV .C, 
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jyj-R. WEALE'S CLASSICAL SERIES. 

In demy 12mo. 

-13.— De OtEciis. 



In Atmj 12mo, bo»rd», price is. 

CICERO. — 14.— De Arnicitia, de Senectute, and 
Bnitus, wilh English Notes. 

TTJ VENAL AND 'pERSIUS.— 15.— (Tlie indeli- 

^ ««'■» ps m expunged.) 

lii <■■•■<■■•: vi , b<!*r<is, :>■.. 

T IVY. — 16. — Books i. to v. in two vola., with 

Jj English Notes. 

Ill ■!!]'■ 1 _'lLlft, Ij'.Al'li.S, |]1U>: 1 'i . 

■j^IVV.— 17.— Books xxi. and xxii., with English 
•pACITUS.— 18.— Agi-icola; Germania; and An- 
Q ELECTION^ FROJt' TIBULLUS, OVID, an I 

>-> PHOPEItTIUS.— 10.— With F.twlisli N.it.'S, 

In demr lBmo. 

^ELECTIONS FROM SUETONIUS and the 

U Inter I^tliiWritara.-ao. 

GREEK SERIES, ON A SHUI.AH PLAN TO THE LATIN 
SEMES. 
TllOfe lint |>r : r.vi 'Ti the Pms, 
In ■liTiiv ISiii'i. u-ilnls, lii-irj. i.. 

INTRODUCTORY GREEK READER. — 1. — 

J- On the ansae plsnse the Lstlii Bender. 

In demy 12mo, bosrdfl, price lo. 

S3. — Anabasis, i. ii. iii., with. 
English Notes, 
in dems 12mn, boiirda, price Is, 

KENOPHON. — 3. — Anabasis, iv. v. vi. viL with 
English Notes. 



^UCIAN. - 



in aemv i£mn, uoarorf, prini' is. mi. 

JJOMER— 5.— Iliad, i. to vi., with English Notes. 

In demy 12mo, boards, price Is. Gil. 

JJOMER.— 6.— Iliad, vii. to iii., with English Notes. 

jii di'mv lxfili,-.. ijcvirds, iirim Is. tjil. 

JJOMER. —7.— Iliad, xiii to xviii. with English 

H° 

Jolra Weale, 59, High Holtorn, London, IV .0. 
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JJR W BALE'S CLASSICAL SERIES. 
R 0M 



In demy 12mo, boards, plica 1b. 6d. 

HOMER. — 10.— Odyssey, vil to xii., with E.igliab. 
Mom. ______ 

In demy 12aio, boards, prion Is. 6d. 

JJOMER.— 11.— Ody«se^,Jtiii.to -viii.with English 

la demy l_o, boards, price Is. Gd. 

HOMER. — 12. — Odyssey, six. to xxiv. ; and 

in _iv 12.1. j, b'or.f ;>'■:('.: 

PLATO. — 13. — Apology, Crito, and ThieJo, with 
EiigHsli Sulea. 

!:i ,i, ■i:ij- Lwds, |,rife lrL. i:J. 

HERODOTUS.— 14— i. ii., with English Notes.— 
!)!.■■■ i r>n t id to His Gran- tlie Duke of Pi-vrniiliii e. 
iii demy LSiU'j, (i..«r.l s, pritu li. 

TJERODOTUS.— 15.— iii. iv., with English Notes. 

_ Pe.iif t ■ Ui.ilra.v lml-,1 of D.^ii.hirv. 

In detay lima. 
TJERODOTUS.— Hi.— v. vi. an.l pmt of vii. 

£j l_ i ? ,: -L^l ii:; <" L>-vt'»sl)ire. 

HERODOTUS.— 17.— Remainder of vii., viiL, and 
it. D..dif. ,i,- ,1 i i His r.mc- 11k D uke of Devonshire. 
In ilvm v V2m<:, li i.iciLi-, In. 

t^OPHOCLES. — 18.— (Edipus E«x, with English 
yOPHOCLES.— 19.— fEdipusColontcus. 

In demy 12mo. 

gOPHOCLES.— 20.— Antigone. 



gOPHO< 



■CLES.— 22.— Philoctetes. 



In demy ISnio. boards, price Is. Bd. 

L^URIPIDES.— 23.— Hecuba, with English Notes. 



f URIP1DES.— 24.— Medea. 



J^URIPIDES.— 26.— Hippolytus. 

John Wtale, 59, High Hilborn, London, W.C. 



^JR. WEALE'S CLASSICAL SERIES. 

Ill ■ >!'::. v i'.'lll V t' ■.!!'.!■!. uric.' ; 

J^TIRIPIDES.— 26.— Alcestis, with English Notes. 

E' 



TTRIPIDES.— 27.— Orestes. 



-28. — Extracts from the remaining 



gOPHOCLES.— 29.— Extracts from the remaining- 
^gSCHYLUS.— 3o!— Prometheus Yinetus. 

In r!emj-18mo. 

^SCHTLUS.— 31.— Perare. 

In demy VttOO. 

^SCHYLITS.— 32.— Septem contra Thebas. 



^SCHYLUS.— 33.— ChoSpho 



m 



SCHYLUS.— 34— Eumenides. 



Iu dflmy ISmo. 

SCHYLTTS.— 35.— Agamemnon. 
SCnY Lt7 S. —36.'— SuppiiceB. - 

In d«my 12m". 

pLUrARCH.— 37.— Select Lives. 

In drmy 18m a. 

^RTSTOPIIANES.~38.— Clouds. 
^EISTOP HA NEs!— 39.— Frogs. 



In !■■]:!■■. V'i-V.n, h,,n:-!l. . 11- 1 . ■ - I-;. 

^pHUCYDTDES. — 41. — I., with English Notes. 
IJHXTCYDIEES.-42.— n. 13 "' 0 ' 

Jonn>W«alo, BO. IIIgli I lolhorn, London, tf.C- 
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J£R VEALE'S CLASSICAL SEEIES. 
THEOCRITUS.— 4a— I Select Idyls. 

la deiny 12mo. 

PINDAE.— 44. 

In demy 12mo. 

gOCRATES.^5. 

In flumy ISmu. 

JJE3IOD.— 46. 



ME. "WE ALE'S PUBLICATIONS OP WOEKS 

ON ARCHITECTURE, ENGINEERING, AND THE 
F INE ARTS. 

In t Urge Atlas, folio Volume, with fine Plates, price £1 4s. 

<< "DRITISH GOVERNMENT WORK." -THE 

-i- 1 ARCKITEiTURAI, ANTIQUITIES AND RESTO- 
RATION OF Si. STEPHEN'S Ull A I'LL, WESTMINSTER 
flare the House of Commons). 

Floe Plates and VlgnptteB, Atlas folio, price £3 10a. 

I ( V ORWEGIAN GOVERNMENT WORK." 

■!■> — THE CATHEDRAL OF THliONDllEJM, IN 
NORWAY. Test by Prcfcsior ML'NUII; drftwin f ;!i bv if. E. 
SQ UIRMER, Architect. 

Large Atlas folio, 4 livraiaons, published in Madrid, at 100 reals 
each, or £1 la England. Illustrated by beautifully executed 
Engravings, some of which are coloured . 

ti CPANISH GOVERNMENT WORK."— 

1 ' .MONUMENTS AIMllftrTliMQUKS DK L'ES- 
PAGNE, PUBLlfiS Al;X FKAIS DF. LA NATION. — Pact I 
Frovincia de T.ilsdo, Granada, AlcalaV de Henares— Paht 2. Cate- 
dral Toledo, Dalai ilea.— Part 3. Granada, Segov 

mancn.-PAKT" "— '■ " " - ->- ■■ 

Valencia, Tele 
other works. 

Columbier folio plates, with tent also uniform, with gold borders, 
arJO sumptuously bound in red morocco, gilt; gill leaves, £12 12s., 
(\.:n:i|l;^r F..iio plats -fill, lilt nis'i . n \ IT. . n , , l villi fold tinnier., 
and elegantly half-bound in morocco, gill, £10 10s.; Plates in 
Columbier folio, and tex; in imparls! itn, brill bosmd in min-ccn, 
gilt. £7 7s. ; Plates In CeJamMer folio, and text in imperial 4to, 
In rfutli extra, boards and lettered, £4 Its. ed. 

THE VICTORIA BRIDGE, AT MONTREAL, 

J- IN CANADA. — Elaborately illustrated by views, plans, 
elevations, and details of the Bridge | toother with the iliustrmians 
of (he Machinery and Contrivances used in the construction of this 
stupendously important and valuable engineering work. The whole 
produced In tho finest stylo of art, plctorislly and geometrically 
drawn, and the views highly coloured, and a descriptive text. 
Tinli.-M.--ii to nisRvynl IIi,!tim'as lb". 1'rinoe of Wales, lly JAMES 
HODGES, Engineer to the Contractors, Engineers: ROBERT 
STEI'HENSON and ALEX. .«. KOSS. UoiUrnctora: Sir 8. 
MORTON PETO, Bart., M.P., THOMAS BRASSEY, and ED- 
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TUKE, ENGINEERING, FINK AKT.-. 



TSAMBAKD, KINGDOM BRUNEL, F.R.t 



ti.pvr:- ulliiir.J. h-:> [11 invenli n. hi tin.iin^ r. it 
onward advanwmciit of In* An. tin- lif-uu: up S. 
beating |i(lth ol K:ii;ri("Tin ; .- Art, i.li-.v; r>' 
has or Lave given to Englan I a name f'-- rofiirtuc- 
iri:(>!]i.u'(-iicij '.n tliis An, 

Just pu'ilMiu 7 . in It-', ■.vi: , i lffi I"!mr..virii. :i . prli'-, ' numl, :>!■-. 

THE PRACTICAL HOUSE CARPENTER — 

■* M'ln- parriiriilnri; for country practice, wllli specifications, 



qiinn lilies, H.1.1I fosLtiiuvH : : ilsn ontiiii.iii I . TWign-i tor the Con- 
*--'■ ■; of GroI~- ' . . - 



! spp-iiii 

tering of Groins, Niches, £c,; 2. Designs for Roof/and guiinws, 
3. Tin; five Uni aM lio^n to .1 ns'.^; 1. M iter 11 McSd .-I 
Ti ii.s'ina Girder?'. .Points of Cm-;..' liters" ivuil; ; 3. Hi i^nsfrr Student 
?[:■■)! Fi-r nts ■<:-ir rp'lails; I!. n.-M-;ns r'.>r M J-.-rn Do'Ts with 

tln'irdi'tiils; 7. f). sign-i for Modern Windows, wltli their di tails, 
and for Villa Architecture. The whole amply dc^ribid, for the 
nsc of tlin Operative Caponier nod Uuilder. Firstly written and 
pnUH'ed l.v \VH. l.IAM PAIN. Swen-liv. v!i!i Modern- II e-<i B ns, 
and Jiriprovtriient?, hy S. 11. HRi >< >K<, A: diitecl. 

In 1PW1 will lie publisher) a volume in 12roo. entitled 

A DIGEST OF PRICES of Works in Civil Eugi- 

■ii neerliij; an 1 liaSivnv V.r ;i\;'.Tr\\ig, Mechanical E:! K i:ii'.;rii^-, 
Tools, Wrought and Cast Irvi, \v, ,ks. Slum;, Thn'jcr and Wire 
"Works, and ev.Ty kin,! of imi.-nintlen that can be obtained and 
made useful in Estimating, Specifying, and Reporting. 

In4to, 3s. 8d. 

ASTRONOMER ROYAL, F.R.S., &■:.— 

- of Experiments on the Disturbance of the Compass 



AIR?, 

-£!■ Bet 



In Iron- built Ships. 



DOORWAYS AND WINDOWS 

ilcsof). Arranged to illuatrate the dlff. rent itylea of 
from theC -iioii<;st to tho Reformation. 



. . n orI«lnal draviriii.t in the cnlleciou 

of tho late Sir Willie. 11 Hnri. il, II.:!.. Willi ob ervnrions on the 
applir ni.-n r>f ancient uvdi iter tori- lo the pi-.-t-nLi: r imposition of 
modern edlneeB. 



u I'.eeli-h calendar, with 
styles of stained glssst 
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tube, engineering, fink aiits, &•.-. 



ARCHITECTURAL PAPERS. 



2 Engravings, iu folio, useful to lcarnera and for acbools, 3s. 6d. 

A RCH1TECTURAL ORDERS (FIVE) AND 

■rt- THE 111 ENTABLATURES, drawn to s larger tcalo, with 
Figured Di mensions. 

A RNOLLET, M. — Report on his Atmospheric 

iA Kail way. _____ ___ 

In 4to, 10 Plates, 7s. Bd. 

ATMOSPHERIC RAILWAYS. — THREE RE- 

PORTS on Improved methods of Constructing sod Working 
AtmosphericRailwavs. By K. MALLET, C.E. 

In Svo, Is. 6d. 

T3ARLOW, P. W. — Obaervations oa the Niagara 

J-* Railway Suspension Bridge. 

?e 4to, very neat half-morocco. IBs., with Engravings. 

1Y, SIR CHARLES, R.A, &c. — 

1 Studieaof Modern English A re hi lecture. BvW.if.I 

e Travellers' Club-P ' - ■ ' ' ' - "--- = — 

Sections, Elevations, ai 



In largs 4to, 
) ARRY, 



In 1 Vol., large 8vo, with coloured Plates, half-morocco, price £1 Is. 

UEWI0K7S (J. G.) GEOLOGICAL TREATISE 

1> ON THE DISTKILT OV CLEVELAND IN NORTH 
VORKSHliU-:, its l-'iirrn-inoiM rviuisits, Li_ and Oolites; will) 
some Ohaervatlona on Ironstone Mining. 

In Svr., Willi Hates. Price 4s. 

TDINNS, W. S. — Work on Geometrical Drawing, 

-U embracing Practical GeoiisHrv, iiu -l-.iiHii [lie use of Drawing 
loBlviiiiiL'iiiM. til.' eons! rue! ir.n mid ilsi: nf Stuitt, Oi-thnjjrapliLc in- 
jection, and Elemcutary Descriptive Geometry. 

In ito, wltl. 105 Illustrative Plates, cloth boards, £1 lis. 6d. * 

■DLASHEIELD, J. M., M. R Inst., _c.— 

L> SELECTIONS OP VASES, STATUES, BUSTS, &e, from 



In 8vo, Woodcuts, 1b. 

BLASHFIELD, J. M., M. R., Inst., &e. — 
ACCOUNT OF THE HISTORY AND MANUFACTURE 
OF ANCIENT AND MODERN TERRA COTTA. 

In ito, 29. _. ~™ 

T) ODMEE, R., C.E.— On the Propulsion of Vessels 

JJ by the 3cra». 

IBs. 

TJRIDGE. — A large magnificent Plate, 3 feet 6 

' ' inches bv 2 feet, on a scale of SS bet loan inch, of LONDON 
JtRHHiF, ; i-cii-iiiiiHiir I'liLn wnl I'.:> : v;i<ii.ri. F.i graved and elabo- 
rately finished. Ttio Work of the KENNIES. 

John Weale, 59, Higb Holborn, London, W.C. 
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WE ALE'S WORKS ON ARCHITEC- 
TURE, ENGINEERING, FINE A RTS, Ac. 



10b. 

"DRIDGE. — Plan and Elevation, on a scale of 

JJ 10 feet to an inch, of STAINES BRIDGE ; ■ One Engraving, 
The work of the KENNIES. 



In royal 8vo, wltli very elabnmiH Plales (folded), £1 fa." 

"D RIDGES, SUSPENSION. — An Account, 

JJ wiih Illustrating, of tin; SriHpHrninn Bridge across the River 

Danube, by ffm. T. t;LAKK, r.K.S. 

In 4 Tola., royal's™, hound in 3 vols., bmf-roorocfw, price £i 10h. 

"DRIDGES. — THE THEORY, PRACTICE, 

■O ANT) AUCHiTKCTUlt!-: OF BRIDdi: • OF STONE, IRON, 
¥ ^nolple of Sus. 



Bridges!™— b supplement " to" 9 ' " the 
THEORY, PRACTICE, AND ARCHITECTURE OF 
i)nn»:i:* Hi' stunk, )uon, TiMHr.i:, winy., AM) 
1'KNSII.JN." ^ 



1 large folio Engraving, price 7a. fid. 

T>RIDGE across the Thames.— SOUTH W ARK 

JJ IRON BRIDGE. 



1 large folio Engraving, price 5a. 

BRIDGE across the Thames. — WATERLOO 
stonf.jirtiii;!-;. 



1 very large Engraving, price 5s. 

"D RIDGE across the Thames. — VAUXHALL 

JJ IKON BRIDGE. 



1 very large Engraving, price 4s. fid. 

BRIDGE across the Thames. — HAMMERSMITH 
SUSPENSION BRIDGE. 



1 large Engraving, price 4s. 6i. 

"D RIDGE (the' UPPER "SCH 1 : Y (.KILL) rA 

JJ PHILADELPHIA, tha greatest known np*n of ona arch, 



1 i!Lr-c Knjrr.'.Yins?. yirirs lid. 

BRIDGE (the SCHUYLKILL) at. PHILA- 
DELPHIA, covered. 



1 large Engravine. price 8b. 8d. 

T) RIDGE. — ON THE PRINCIPLE OF SUS- 

JJ PENSION, by Sir I. BBUNEL, in Ihe ISLAND OF 
nOLKHON. 



1 large Engraving, price 4s. 

(1RTDGK, -JM,AV n ,u\ KLBVATIOS of the 

JJ PATENT IRON BAR BRIDGE over the RLver Tweed, near 
a*PlatfB. (olio,£l ls„ boards. 

BRIGDEN, R. — Interior Decorations, Details, 
and Views of Scfton Church, LincaBhire, erected In the reign 
of Henry VIII. 

John TVeale, 59, nigh Holfaorn, London, W.C. 
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1 ], ri n- Km":. m„ i„ oiiliii,., pvi^,. ll,5. 

BlilTTON'S (JuIit; 1 ! 1'i:i;spi:(itive VIEWS of 
tll.J IKTKRIOlt nf M CAT;] L DUALS, 
"ilo. 2a. 6d. 

Kulea for Banging Eail- 

JL> way Curves, wilh ihe TliOTdnllie, and willirat Tables. 

1 J ;[]-„'.■! [■lii^rnvi]]^, prif ■ -H. !]■'. 

"DEOWN'S (Capt. S.) CHAIN P1EE at Brighton, 

■ P -iti i Pr tall*. 

The Teit In one large volume 8vo, ( 

in number, in an M)si* foliu i-ult 

£2 10-. 

T5TJCHANAN, E. — PRACTICAL ESSAYS 

-U ON MILL V'tin; AND OTHER MACHINERY; wilb 
Examples of Tools of modem Invention ; first publieked by 
HuLLLT lilCIIASAS, 11. i:.: ;ifu rvurd-; iin^r-ivpil and edited 
bv THOMAS TLLI.i.ioi.u, c.L\: ),A i'-lc:':i<(!, -..-Ah the im- 
pii.vniii'iili. ti: 11:,- ].|i'.in' Iiy CI'IIKCK RI'.NNIE, F.K.S., 

C.E., &c, So. The wiir.K- r t . l- r 1 1 L 1 1 ■ - 7ii Vui-<, mid Woodcats. 
John Weale, 59, lli i; h 11 lb rn. L-.ndun, W.C. 
Ti-xr in r.-iiil pv» ;unl l't:i! L s i i ■ i . . . ■ i ill |V,;:.,. ]u H . 

RTJC'IIAN AN, E. — SUPPLEMENT. — 
fhacyica;, i:xah1'].ks on dodlln tools and 

-CHINES; a Siijipl-Tiipnl "— ^ ■ "-■ 

T' 11 nf BUCHANAN "On 

by TR E Dll O LD. T li o work c° 

IrTtir.., »lih I'Lit.n, 2nd Editt™, Is 6d. ~ 

JJTJEN, C, C.E.— On Tram and Horse Eailwaya. 

In mie Vi.liuiH-. it-, 2! I'l.l,-, \m\ ;■!-,■ : -1 ill wn, £1 U. 

J^UEY, T., Architect — Examples of Ancient 
p ATjCTJ L A TOE (THE):" Or, TIMBEE MEE- 

CHANT'S AND ML"]]. DLL'S GLIDE. Ily WILLIAM 
KlCHAl tiiSON mid OHAR1.LS (i A NT, of WisWcli, 
111 W-'", Fl .ri>K. Cl .til Sifmrds, 79. G i. 

pALVEE, E. K., E.N. — -THE CONSERVATION 

V AND 113 FKoV i;m ■■' NT Or TIDAL RIVERS. 



d. algm d for th- F.in 



pAETEE, 

V OF THE 



I ■ ■! '\ nil l-ii'. [:: ir 1 '' 1. 1 '.!■ 

OWEN B., Architect. — A 



pAETEB, OWEN B., An 

^ OF THE CIIliHCII 01' ST. 
Bt BiHhn]*(- iie, with H 



lolt-om. London. W.C. 



TCliE, ENGINEERING, 1 



- lunples ... 

jnd Entcriors of i>^i(k>nfo.-i in the Italian Myl,^ 

LurgB 4to, In balf-rfd mnrocco, price £1 8-. 

p HIPPENDALE, INIGO JONES, JOHNSON, 

W LOCK, and PETHEE. — Old English and French Orna- 
ments : fiiiiil'i'isiii^ 2;i iit'si|.-llH H'S ni" ^UhmMlc ,-\un-nb'.-. 
Of Hal] Glasses, I'ioturi- Fi-.rni!^. (■■l:iin:iHi- 1 ii, ll . s Ceiling-, *t in It 
forChina, Clock and Watch Cases, Glmttdolea, Bracket*, Cruet, 
Lanterns, Ornamental Fund lore, Ornaments for brass workers and 
allver workers, rs-ai ornamental iron work Patterns, and for carvers, 

modellers, &c, &o^&c.^ ■ _ 

4to, third Edition with addiUnnt, price £1 lis. fid. 

PLEGG, SAM., C.E.— A PRACTICAL TEEA- 

V TI8B ON THE MANUFACTURE AND DI5 m ' 

Ill.-ri'iX OF COAI, CAS, ] HiiNii nt«ti by Engravings fror 
log Drawings, with General Estimates. 

In 4!o, Plates, and 76 Woodcnla, lx-ards, prim fit. 

pLEGG, SAM., C.E.— ARCHITECTURE OF 

\J MACHINERY. An Essay on^Fropriely of Form and Pro- 



QOLBURNS, Z.— Od Steam Boiler Explosions. 

One very largo Engraving, price 4s. fid. 

pONEY'S (J.) Interior View of the Cathedral 

ClitirchoFSt. Paul. 

P.OWPER, C— TCafpaarTof theiipaBBion of Steam. 

In one vol. 4tn, with 20 Folding Plates, price £1 Is. 

PROTON AQUEDUCT. — Description of the 

^ New York Creton Aim. duct, in SO largo Ootailed and engl- 
;h teit in the English, German, 



New York Croton Anurdnct, i 
uKering explanatory Plates, with t 
and French languages, by T, SCHBAMKE, C.E. 

In demv 12rno, cloth, extra bound and lettered, price 4n. 

T\ENISON. — A Rudimentary Treatise on Clocks 

U and Watches, and Bells ; with a full account of tin; « c-nrmin- 
Ster Clock and HnIIs, by EI'MrND lll-iC K F.T IIMMSON, M.A., 
O.C. Fi n:th F.dilb.n r.-iu iitcn anil unbrvut-il. i.'iili F.iik avL:i t ;ri. 

In royal 4to, cloth boards, price £1 lls.fld. 

T\OWNES, CHARLES, Architect.— Great Exhi- 

bttion Building. Tho Building erected in Hyde Park for 
the Great Exhibition, 1B51 ; 28 large folding Plates, embracing 
riniTi, K'lii'iitnins, ^i'Micns. ;url Detail h, laid ii-i-.ru to n large scale, 
and the Wnvkiiii; and Mea sured Drawings. 

T) RAWING BOOKS.— Showing to Students the 

superior method of Drawing and Shadowing. 



DRAWING BOOK.— COURS ELEMEN- 
TAIREB DE LAVIS APPLIQUE A L'AECHITECTURK; 
folio volume, containing 40 elaborately engraved Plates, in shadows 
and tints, very finely executed, by the beat artists in France. £2. 
Paris. 

John Weale, 59, High Holborn, London, W.C. 
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|y|R. "W BALE'S WORKS ON ARCHITEC- 



DRAWING BOOK. — COURS ElJ^MEN- 
TAIP.ES Di; I.AVIR Al'lT.IiM'l': A MKCIl ANIQUE ) 



TAIUKH UtJ LAVIS A Tl'l. HJ V ]': A UKNLMLNTA- 
jii'IN: f l... v-.l'.!::.-, fiMii.iiiWi',- M ,-l:il">'-:it«:y engraved Fillies, In 
shadows anil ilnli, very fint.'ly cv tnlea, by tliu bost artiatB in 
Prance. £1. Pdlle. 



ICHITECTURE DE 
1-iVlii, rur .). li. TIHTuS ■ Mi-.-li I'm-.' i'lu'ir;, c.ira).i-isi» s 

tt..: Di-Jer-; i.f Art-liiipc-L-.tr.', i;!-.n..lLn^s, wilh profiles, orniments, 
HiiJ ff.i-ms >i' tlii'ir pri|T,'i ir; "i shadowing doors, bulneter^ 

In lBm i, doiQ boards, lettered, price 5b. 

ECKSTEIN, G. F. — A Practical Treatise on 
Chimneys; with remarks on Staves, (ha a 
Sn;oki. mill l>al, V,-iitil*tt™; 4e: 

Bro. price 7a. 

tport 



■pLLET, 
J- 1 on ihe 



Plates, imperial Sro, price 7a. 

CHARLES, C. E., of the TJ. S.— Re| 



EXAMPLES of Cheap Railway Making, 

EXAMPLES for rlC Buiirlera, C.irpenters, and 
J-iiner:;: In in,- weri-A^l-.i-Jtt! Illil-il;-jti.ji!S ivi:ci:t Modern 
Art ana frmst rue'lmi. 

WMh i:i,:T,vin-M ana w„i. .irv.r-, p-i.-o 
-PROME, Lii.ntuiiiuit-Col.nieh. It.F, — Outline of 

the Metlnvi „; cxiiin.-'ii.. n r ri-,>. n'.;, rr en! Survey forthe 



In *t<>, wtili Piatem prim 7h fid. 

A I R B A I R N, W., CI 1 '., F.R.S. — ON 

WATEH iVHKLLS, WITH VENTILATED BUCKETS. 



In royal 8vn, with Ptafefi mil IV.. .":n;K Pi i- .n<: K,iMi..n. much 

h.sni.v.-.i. ir. wrvil <■!,>;!> !: lit 1 1 = = . 

Ij 1 A I RB A I ft N. VT., t.'.E., F.H.S. — ON 1 THE 

- 1 APPLICATION (ir l.'A-T AMI Wl;or<;TIT JliON To 
In imp.'iial fjvr, with fi-n- i'l.ii-.. 11 r,- • i ■•■ in . 1.1 ice Hi-., or 31k In 

balPnMrndeni glltfdges, 
IT'EROTTSSON'S (J.) Essay on the Ancient Topo- 

graphy nt .leriisnlem, will restored Plans of tlie Temple, Ac. 



NAMICS OV ELASTIC FLUIDS, by JOSEPH GILL, 
will) Diagrams. 

Jnlni \Tfh>p, Bfl, tlijrl! Il-.lb-j-n. I.^iiil™, W.C. 
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TIIE J'QUILTBRIJJM OF ARI'll 

1 1, Sl-f], cjiiill b .„[lU. Kit : H VhiW ■, -Is. I itl. 

HAKE WELL, S. J. — Elizabethan AivluLoutiU'o 
UlnslnUed- bj parallels of D.nlon n>use, IliUWri, Long 

Ifl , 8 

HAMILTON, P. 
Novi Siwtia— Sovft 

liTiiuiwiinL Si-n, Third L:..!ili,..i!, wiih mlii-.tiuns, 11 Flaies, clorti 
boards, 8s. 

JJART, J., Oa Oblique Bridges. — A Practical 
JJEALD, GE01EGE, C.E.— System of Setting Out 

HEDLEY, JOHN. — Practical Treatise 011 the 
WorkUlB mid Vn::tiliiti.)ii ul" Onl Mini's, n-itii SilggesLlonB 
for Improvements In Mining. 

Twu Vols., ili-iity I'.'iiiD, it: .l-rli -ru ]j. nr.is ami Itllc ivil, ju ice 

UOMEE,. — The Iliad' arid Odyssey, with the 

-LA Hymns of lli-nii'i-, EilFr:<m :v:,:h ::n nort.-.iioli of Engl lab notes 
by ilie Rev. T. H. Ii. LEARY, il.A. 

In Svr,. «:'!. i:-:.-t:i.ii,-.. .;!..:!, uM. T'..i t il Eiiition.'ltta. Bd. 

HOPKINS()\ r , .iOSKITI, C.E. The Working of 
tlie StPani Knjrirn- Kxnlnliiert Ijv tbn use of tlw ImlicMtmv 

it^w,;,,;-^.;-,,^-^-: 1 

HUNTINGTON, J. B., C.E. — TABLES aud 
RULES for ravilitarii.j; tin- Clin, ].:: :,» .if K utbwork, Lund, 
Curves, DlaluiiCr'S. i-.Oil G.-iuli-. li's, I r.;'ii:nl in Itn- Ful'ma.ti'11 of 

Railways. Romlfi r ail tt,*u. _ 

S-P»:a;': iri-m tiio iib<j»-o, 11 if- 

TJ UNTINGTON, J. B„ C.E. — THE TABLES 

± l OF GttADIESTS. 

~ " w v\m.'., av-o, V.iimiT^ ' ~ 

FIGO JONE?.— Designs for Chimney Glasses 
arid Cliininoy Ph-tm .if Hit: Time of Uliarlas ilio Ut. 
In a slmet, Bl, 

TlilSH.— Plantation and UritUli statute M.:a.-,ui'e 
- 1 (comimmiiv,. T> Mi: <i, :.o tlinc i:r,,;li-,!'. .Mc.i:,ar>! ram be inns- 
li'rivd lulu Iri-li. ii <! . ■ ,i. 

IRON. — A^'COUNt'of' TH V E P CON8TELTC- 

A TION OF TIH'. IRON' i;OOF OF Till'. SKW HUL'SKS 
OF I'ARLlA.MliS I 1 , -.nil, -1. ,1> .nr.; K :.,■:■:. i-i «! - r . Ll^_ 



T SO N. — DESIGNS OF ORNAMENTAL 

<- UATHS. I.IJi'LiHS. I'AU^ADlMi, AND tllDX-WUiiii OF 
THE ROYAL i'AUKR. o-iili ...n,- ..fi.'r Do-Uiu. 

J.jlin Wi.ii'.i-. y>, iIi L :li lloiljui-ii, l.oiit[f>n, W.iJ. 
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TUB. WEALE'S WORKS ON ARCHITEC- 

1»J. TORE, EMQISEERiKQ, FINE ARTS, &e. 

Jn4to, willi 10 Platec 12s. 

7 EBB'S, Colonel, Modern Prisons.— Their Con- 

O st ruction and Ventilation. 



In 8 vols. Svo, with 26 elaborate Plates, ch.th hoards, £2 2s. 

TONES, Major-Gen. Sir John, Bart. — Journal 

« oflheSiegsR carried on by the Army under the [>uke of Wel- 
liiictuji hi ri:i..Lu, between the? vents 1-11 ,uid ISM, with an Account 
of the Linus of Torres V. il:;.«. IW Mnitir-Gen, Sir JOHN T. 
.PONE-li*. li.n-f , K.e.l! Third >-; Lh M:.li, fr.!,^;! .,[„! e.iit.:<! I,v 
Lieut- General Sir BARRY D. JONES, Btut 



T/ING, THOMAS. — The Upholsterer's Guide; 

5* KiilcH for yiitin - :u:d F.iniiii.^- I irn.pt-ri ,■ Vsihnces. *c. 
Illustrated ijv ltir,;e l>r„ii^li^ rind K:i K nivL]i K k„ [n 1 volume -(to" ' 
res', mid i- i' i.'l«s li li > .■■ Iu;„,. ,,1- Pl„t,.H. IntiC-hrmnd, £(i (is. 

NOWLES, JOHN, F.R.S.— The Elements and 

Practice of Navat Architecture; or, A Treatise on Ship 
liuildiii!-, ilieorcticjil ami pi-ii.;::ca.i .'■« ihu b->t p: indoles established 
in (.livnt r.ridiiri; eu; iuus T:ibk. u( I)i lii ■■ lis i ■ -ti s. ScniiCim;-!. 

&c. TheTaird Edition, with mi A ]i,ii'ni:is. cc-i;ninlrig the princi- 
ple of constructing the itoyal and Mercantile Navies, by Sir 
ItDISLRT SLl'l'IMi.-i. 



41 Plates of a line itnd an eltLtionte utsci-iiili.n: in large atla» fuliu 
half-bound. £2 l 'u. CM. : (he text h aif- bound In 4tn. 

T OCOMOTIVE ENGINES, — The Principles 

-LJ and Praclice and Explanation of the Machinery of Locomotive 
F^n^ines in narration. 



MANUFACTURES AND MACHINERY. — 
Progress of, in Great Britain, as exhibited elm-US' In Chrono- 
logical nolices of mmfl Lerlers Patent granted for Inventions and 
In,|.rovemt.nn. fnun 'he earliest rimi s M the !-,■;■/]] i,: Arm,.. 

^/|AT, R. C., O.E.— Me&wdof setting out Railway 

linii-rial 4'.u, uiih lino Illustrations, extra elorh boards, £1 5s., or 
h., ]!-!:..„ i „I in :n„r-.!T.,. £1 II, (id. 

JjETHVEN, CAPTAIN ROBERT.— THE LOG 



TUETHVEN, CAPTAIN ROBERT.-NARRA- 

1»L T1VES WK7TTEN liY SKA COM M ANDERS, Il.l.US- 



i'«i-ll,l»^ Sv,.^. r., : -l2, ni].™,,,™ 

MURRAY, JOHN. C.E. — A Treatise on 
Stability of Retaining War 



id by Engravings and 
GO, High Holbein, London, W.C. 
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On a largo folio shun', price 2a. 63. 

XIEVILLE, JOHN, UK, -M.RI.A. — OFFICE 

UYDUAl.T.IC TA 11 [.!:*: :".r rliv ii:- ...f I'lirri. iters ,:.n;.';r.d 
in Water Work", (jiving llio Discharge anil Dimensions of River 
Channels and Pipr-s. 

InSvo, Second and much Im^ruv^d i-Mirim, iviih Jin Appendix, 
clotli hoard?, price 1GJ. 

NEVILLE, JOHN, C.E., M.R.I.A.— HY- 
DRAULIC TAHI.KS, COKFFKTF.Vrs, AND FORMULAE; 
lur l-'mdiM- :u- jii a c:i:i--i of W from 1 Iritis, NotolVs, Wliis. 
Piles, and llii-rt:--;. wLtji Ks;i::isivc Addidunr;. Sen anniiltE, Tallies, 
ami Cieil.--.ii 1 1 1 f. 1 1 Lr.n ..n !! ib-l'*!! Cnli-.limr.iu- [liisins, Oi ailing, 
Sewers r', Water Supply for To»n» and Mill Power. 

Uii 33 folio Plates, 12a. " " 

ORNAMENTS. — Ornaments displayed on a 
full aiie for Working:, proper for all ^Carvers, Painters, &c„ 

Vlslcs, Svo, 2s. Hd. 

A 'BEIEN'S, YV, C.E.— Prize Essay on Canals 

yj and Canal Conveyance. 



)AMBO uT'c O UNt'de!- STEAM 

ENGINE; llio Theory of the Proportions of Steam Engines, 



In Svo, cloth, board), "I'll Plates, a second edition, 18>, 

A PRACTICAL TREATISE ON LOCOMO- 
TIVE ENGINES UPON HAILWAYS. — With practical 

T.ibl.'i, ;in [ .hi A [.pinniE^, : -.. in.- uiimiisu ..f cnrveyiri" UotuM 

by means of Locomotives on Railroads. By COUNT F. M. G. 
DE PAMEOUK. 

41", 72 finely executed Plates, in cloth, £1 169. 

PARKER, CHARLES, Architect, F.I.B.A. — 
The Rural and Villa Architecture of Italy, poriraylng the 
several wry interesting esrsninles in tuat country, with Estimates 
and Specifications for the application or the name designs in Erg- 
land; selecied from buildings and scenes in the vicinity of Rome 
and Florence, and arranged for Kural and Domestlo Buildings gene- 

Price, complete, £2 2s. In«0. 

POLE, WILLIAM, M. Inst, C. E. — COR- 

* mail PUMPING ENGINE; designed and constructed at 
the Havle Copper House in Cornwall, under the superintendence 
oi CAPTAIN JENKINS e-ected and now on dutv at the Con! 
Minos ot Languid, n,!|iutM.'iit it' the r.. .= i «i Inftrieur, Names. 
Nine elaborate Drawings, historically and scientifically described. 

AN AN ALY TI CA L '* ' I NVESTI GAT ION OF 

H Till: ACTIOS ul- TUJi CC-IIMHI! PUMPING- E.SC1NE. 
—This Third Part sold separately from above. 

2fis. bound In 4ronlze. 

PORTFOLIO Of ENGINEERING ENGRAV- 

-T I NOB.- Useful to Blndanta as a Text Hook, or a Drawing 
Book of Engineers a-.' arid M-:di>ui:i-i ; li.ni-: rt .-cries of Practical 
Fi a mob's in Civil, liydiaulic, and Mechanical Engineering. Fifty 
Engravings to a scale fur drawing. 

John WealcCO, High Holborn, London, TV.C. 
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ou i-inien, -zds., ooaras. 

PORTFOLIO OF GREEK ARCHITECTURE. 

- 1 —Or, Riletlanti Dnwinu li nk; Architectural Engravings, 
with (!..„■:■ i ii-,.' 'IVxt. lining ad:n>'etl ts ainiU.'d of the 1; ■■ 
Classic Models in the Grecian stylo of A l " 



60 Platea, £1 Bj.. bound. 
PORTFOLIO OR DRAWING BOOK OF 

: GOUKC1T ARCH iTEOTURE.-0( the periods 
■'«fal to Architects, 



PORTFOLIO OF AECII.-EOLOGICAL COL- 

-T LECTIONS. -Of curimn. inuTosiinr, and or name ulil sub- 
jects and patterns fir stained gla<5 windows, from York. 

Ifi I'laiin. l(!s. Od. Siuiill fslli). 

PORTFOLIO OF ANCIENT CAPITAL 
LETT Hi IS, SIDX'HiKAMH. iJUAINT DLsItiXS, ic- 
Beautlfuliy Coloured and Ornamented. 

lions? tt L™oowtl^ Cast-Iron^JrfdRe^ Iron and (/as 

., Ci-iiteiiui.', M.i-miry ami B-iekwork 



and Liverpool 
Is, Quays, and 
rbnur and Tort 

Londin, mid other important Engineering Works, with Debcrlp- 



IVck.i, I'l.iiis am; II tkaT*. H'l.li-;, Q lir.s 'nr.i 

tti-'ir M.it, .!::■>■ ; Mi'ivinj-CSinins : i'i i-: ' :' th.' lTnibimr and I'.irt 



tlons and Specilications. 



PUBLIC WORKS OF THE UNITED STATES 
Of AMERICA. 
And the text in an 8vo Volume, price together £3 <te, 

■REPORTS, SPECIFICATIONS, AND ESTI- 

" MATES OF PUBLIC WORKS OP THE UNITED 
STATES OF AME1:!i.:Al cripliimtory of the Atlas folio of 
Detailed Engraving, -.- ' u.-iii nr i n - priii-sLcsllv ih.-f.s important En- 
Rilli-erinf; Works. The Males >\re iin^raivd in (he ln's- stjla. 

Imperial Bvo. 60 Engravings, £1 Sj. 

* ILLTJSTRA- 

UULIO IVOlfKS «Y Ill-'.CEST ro.VjiT J SUC- 
TION— DOTH HISITI^JI AND Alir.lIIC.W. *.ip|U,.:in'riMr>- 10 
previous ruhlirstiora, and cuntainini; nil the details of the Niagara 
Suspe nsion Bridge. 

lr.iir-li.nin.1 in m^-occ i, (]uT>77ci loured Plates, price £3 Ss. 

pAVVIJNHON'S, ROBERT, C.E.— Designs for 

Factory, Furnace, and other Tall Chimney Shafts. Tall 
rliimnnvii arr necessary for purposes of Trade and Manufactures. 
Tltev m-u r^iiirfi.! f,v I-.icrori. -;, 1..r F.iiiiidii.'S, t.if ft»s Wnr];*, fur 
Chemical W'orks, for Bstbs and Wash-houses, and for many o I her 

h 13 Charts, .Sc., 12s. 

,, F.R.S., &a— AS 
: to develop tiii: law of storms 

Dy means ol lacls arranged accuMitiK <u ] lacn rime ; and henoe 
to point out a cause for the variable winds, Willi a view to practical 
use In naif nation. 

John Woo!e,EP, Hlgb Hulbom, London, W.C. 
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In royal 8ro, uniform »itli tin priTtrtm'.;, '.'n., v.-iiii c ■ i . ;i : . > unii 

Woodcut. The «<■]■]; ti.r.<''k-jv i 11 i! vols., £1 18. 

TJEID, Mai or- General Sir W., F.E.S., &c. — 
IV Tb! u PKOCKESB OF T1IK DEVELOPMENT OF THE 



' THE PKOUREiS 
LAW OF .sTiJllMd A N I) OF THE 
tbe practicable application of the subject 



T> ICHAEDSON, 1 "g*' J.T Architect — A ' Popular 

ehowiri'; tl.c jL-.lvanlajiii ■ i' i lii- imi.n.vi:,! av:.icin uf Heated Water 
Circiilii'i: n. A ii-.L -i i:n-L!:i:d r.i i-l:Vr. r ■ l e ■ i- .i.i'.>:,i,i!i i.f i.riiv ILU.1 
E'i;ni L pi iv i •" t'.' : ■i n''-; n. ; i p . . .- 1 : - 1 . mid vi>iitil.i;i;i_i i-.niltiin ;a. 
Bnnml ill 2 v..N . v, iv ii.';it, li.-m-ii:..iv,;vi>. nil! Lips, pvira £1?. 

RENNIE'S, Sir JOHN, F.R.S., Work on 
the Theory, Formation, and Cons true fen of British and 
Foreign ll.irh"ii'is. 1) .cks. in d N.ivnl Ariauii, Tnis K i'i!nt work 



J^EVY, J. L, C.E. — The ProqreS! 



SI M M S, F. W. — 
Mathematical and Draw! 



Treatise 01 

win Field Woi 



gMTTH, 0. II., Sculptor.— Report and Investiga- 



SOPWITII, THOMAS, T.R.S. — THE 
AWARll OF THE DF..W FriHEST cm M rs = TfiN F.irs 

A S TO TUF COA L AND ll;ON MINES. 

Hi U.r;.-<i fciiu Flatus. £1 ■!«. -, ]i-hr-i.t.-U-, Si. tarli 

COP WITH, THOMAS, F.R.S.— SERIES 

& OF ENGRAVED FLANS OF THE COAL AND IRON 

MINES. 

12 Plates, 4t 

3ES, HANI 

ASH NEWELS Mr THE Ml,] Z A H Kill A N AGE, it'.'.— 
Consisting of— 1. Staircsso at Andley-e'nd Old Manor House, 
Wilts; 2. Charl di) ll-m™, Klti:: /!. Ol'..:it F.ljiimhiii; iinl:, N„i- 
fulk; 4. Dnrfuld, I'];. <1 1 ,;irr<- r ii.-i:-^ ; li. Oak Staircase at 

Cl.tr.> Hall, (..amblidi-f : .. Ci'i''I1wlII Hull. H V'-ipat" : (s. ]>i:if, ; II. 
Catherine Hull, UamijridKe ; 10, Slain:*?? t-v lnirjo Jones ot"a 
bnnso InChsntlos Street; 11. Ditto at East Sntn.ii; lli. ]>itto. ditto. 
Useful to those constructing edifices In tbe early English domestic 

£2 2s. 

'ALKARTT, M,, NA.— Naval Architecture; 

Buildinj 

Si;rii .; .-.(■ Di'ni.iilit ; am: E'L.ins. V> Il-xi. 

John Weale, 59, High Holborn, London, W.C. 
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Willi Illustrative Diagrams. In Bvo, 7a. od. 

(J T N 'S, T I ro.M A S, O.E., of Edinburgh, 

Description of Ilii! Hiffurent kind? of Ligiitlinnsn Apparatus, 
8vo, 2a. 6d. 

QTEVENSON, DAVID, C.E., of Edinburgh.— 

*J Su Vv h:v.i*t.\ to htH Work on Tidal Elvers. 

Tait In Ito.aud large folio Alias of 75 Plates, half-cloth boaids, 

gTEAM NAVIGATION'. — Veaaela^of Iron and 



QT. PAUL'S C'ATIIEDliAL, LONDON, SEC- 

►J TiON OF. — Tim Origin*] B|ilti;Jid J-.Li S r;ivIiifr hv ■> . 
GWYN, J. "WALE, decorated agreeably to tha original intention 



QT. PAUL'S CATHEDRAL, LONDON, GREAT 

& PLAN. — J. WALE and J. GWYN'S GREAT PLAN, 
accurately u:o;isnnil from 111.- l!-.lil<li:;o-. wiili nil tin-. Dimmsioiss 
figured and in detail, description of Compartments by engraved 

Writing. 

SecoLd Edition, greatly enlarged, roval 8vo, wiia l'lates, cloth 



ii. Tim work complete 
loth 1i:mii:.s Ii]-. Tl,e 
r. Hodgltinson's Eiperl- 



S T ?o l 



iJK.IN AMI liniF.i: .MIH'AI.S; in 

and'ntii.'r': ('U^vd'iiMlin'clu.'i'r.-cti.-. 
Ilv EATON ilODBKISSOX, F.It K. 



To l„! [.n^Lislii'd in ISBE in crrm-u "-,-.>, h n;n.l f..r \\*t\. 

CTRENGTH OF MATERIALS. — POLE, WIL- 

LIAVJ, CE„ F.K.S.— Tables and popular explanations of 
the SireiiBth of M .Hininb,, nf Wn.-^t,; :iinl Ost Iron with other 
muliil!;, for Ml i'in:: 'i T:il jn;r^;'s.:s ; di:v.'h>|iit:;; i^i !l hystentatic form, 
the strengths, bearings, weights, and forma of ilmao rumerials, whe- 
ther used as girdiiri in- jirc:u*, for tin? oj ■ii:.:i mil Lou of bridges and 
viaducts, puhllc buildings, domestic mansions, private buildings, 
pillars, bresaummiers for warehouses, shops, working 



and multifile turins; factories, Sc. Sic. &c. Tho 

fMj rcfereoco f. r "i cliittr:.;, !.i]ilc.:r:;. c : . v l 1 mechanical cuk i- 

iiu.t:i. i:iillivi i^l.ii. in.:.!", mult rs, if. ,'.i;., mid forming Ready 
KuckouiT or CiJrn'au.r, 

John Weals, 50, High Holboru, London, W.C. 
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TUB. TV WALK'S WORKS ON ARCH1TEC- 
^' J- Tiiii i-:. EMuxKE itisn, fine akts, fie. 

30 very elaborately diaun Engraving*. In largo 4 Lo, neatly half, 
bound and lvt:rn:d, £1 la. A few copies on large imperial size, 
.■•■it,.. lii!n,L,.,:.„ a . tl ]| S . M. 

'TEMPLE CHURCH. — The Architectural History 

and ArchitecUir.l Ornaments, Embelllabiuonta, and Fulnted 
Glaus, of the Temple Cbnreb, London. 



THAMES TUNNEL.- 

L Operation* nnd the Const™ 



Wo,:d and Corpw, in i-Iuth 1. 
15a. 

A 'Mciii'iir uf Hit si 



of the 

Julduu -i N"uw Tlietry of the Initial 
Quupowdor pl&les. 



Appllr* 



In Ito, complex, closl). Vol. I.. with Kn.-mvi: :A U u ; Wl. II., 
dirto, ill Hi.; Yi.l. 111., du:«. j;J l-Js. Ud. 

-TRANSACTIONS OF THE INSTITUTION 

-L OF CIVIL ENGINEERS. 

8 vela., nuroeroua Engravings of Sections of Coal Mines, Ac., large 
folding Flairs, Barer*] nf which are coloured, iu largo 8vo, half- 
bound In calf, price £1 la. per volume. 

TRANSACTIONS OF THE NORTH OF 

J- ENGLAND INSTITUTE OF JilNINU ESUISEEKS.- 
Commencing; in 1K.2, and cMim^d to 1S!P. 

A New Edition revised by the translator, and with additional PI atea, 
in dim; VJrn-.i. li:<i!;i |,ro..f >-.:,w.< ;ui,l \ : .t=.-t t-f-. 1) ■>(!->.■ m ml in 

VITBUVIUS. — The Awhrtecture of*Marcns 

• Vitmvina l'ollio In 10 Moots. Translated from the Latin by 
.JOSEI'il GWll.T, F.S.A., RR.A.S. 

In 4Ki, with l'Mles, 7a. 6d. 

^yALKER'S, THOMAS, Architect. — Account 



at Stoke Golding. 



WEALE'S QUARTERLY PAPERS ON EN- 
GlNEIiHINC. — Vol. VI. (Parts 11 and 12 completion 



F timplng. l'lates. 



Teat in 8vo, oloih hoards, and Plates in atlns folio, in chilli, Ifi;. 
WHITE'S, THOMAS, N.A., Theory :md I'r.'c- 

» > ;ice of Shin Hnildin 3 . 

V0. t* i til a larjc S.sctiorml Mite, la. Bd. 

, JOHN, Archi 

i KENTISH BAG STONE AS A 
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Co, f'J. J ?]:it. tiiilvinivor.'i. 7s (lii. 

WHICHCOED, JOHN, Architect.— HI S- 
TOHY ASD ASTIIJU1T1KS Of THE COLLEGIATE 
CllUF.UI 01' ALL SAINTS. U A 1 DSTON i-:. 



EISIEKTAL im>i-1!:v ci)M:!:i:nim; Till'. im:la- 
'J'ive rowi;ii ok, ami csksti. r,n-i;cT i'i:nni;cr,n 

BY, THE COKSiSII AND UiTl.T'iN A- WATT PUMPING 
ENGINES, and Cylindrical and Waggon-Head Boilers. 



CORNISH PUMP! 



WICKSTEED, THOMAS, C.E. — THE 
ELABORATELY ENC I:A V i: L> ILLUSTRATIONS OF 

Tin: n.iViNisn and nori.Tox ,t ivatt knginls r-.ectea 

at the East London Water Works, Old Ford. Eight large atlas 
folio very flno line cngi nvinp; bv GLADWIN, from clnborato 
drawing made cipressly by Mr. Vi'H; KSTL LD ; folio, together 

T.OWIIY, .:.f'lli;!-'v,y :.;;d \y,-'- L'i Viiluit' A^l wl'li'"^^ 



Beat! 



VILLIAMS, "" 
THE COMB! 
TION OF SMOKE, chemically and prac 

WILLIAMS^c! 8 WYe', ^EsQ^M^'lnst. C. E. — 
I'RIZE ESSAY ON THE PREVENTION OF THE 
SMOKE NU1SANC1-;. iiitb a fini! portrait of the Author. 

With 3 Plate::. r.-i!it:-.iniTt- "il !i»urc9, ito, 69. 

WILLIS, EEV. PEOFESSOR, M.A.— A 
Byetem of Aprarafni for tho use of Lecturers and Experi- 
menters in Mechanical Philosophy. 

WILMK > \ — A 'MA NT- \L OF 

WRIT I KG AND PRINTING CHAKACTER9, both 
ancient and modem. 

Mans and Plane, in 4tn, plntc-;^ t. ■■■ 1 r- 1 1 -.- l- = s , iinlf-in'im! ■ii.ni--: n, £5. 

■^yiLME'S MANUALS. — A HANDBOOK 



FOR MAPPi: 

TUP. ALU R A W l_N<J ^_ 

WOOLWICH. — CO URSE 0 F MATHEMA- 
TICS. This cnir.se is essential to all Students destined 
for the Royal Mlliturv Ac'-iemy M Woolwich. 

YULE, MA JOE-GEN E R AL. — ON BREAK- 

* WaTPIS.* AM' I" ■■■if-' ' f 111- *L Ft 

John Weale, 39, High liolborn, London, W.C. 
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AUERNFETND, CARL MA X.— VOELEGE- 



YZ ANT? N I S CH E 'cAPl'J 


C A E LE R — Munch en . 




PfcralleUe des Mai- 



pANETO, F.— Sainte-Mari6 d'Auch. Atlas Mono- 

*-* Rru.phir(>i-: .1,1 ('-!!,: (.! Ulil-il ral ■. Tb- PM.-, r: : lit pi iiiftpr.llv 
«f Olltlina drrtMi' ^.i of Itic !.';■. i i-tn_tl i ■!.,;•; Vi" ic.l.iv; ill ihin Citlir- 
dr»i. 

120 plntes. elei-nrit In half-morocco extrn. interleaved, £5 15*. Oil. 

p ASTER MAN, A. — PABALELLE <ies MAI- 
s I)Nrf ;!,, it;i'\[;i.i ,],..» i'simipa i.fs viu.iii ( i« 

ll PEL (;!(}','!■:, ■■MiMialti-i ,l..ii.[[ s 1 i.|.-. :i i: ii tiih jnui-K, r.'j'ni- 
sjniL'ii ou I'l.iii:-, ti.cv :.(]■ ,.'■-;■.] ;mi cr o : i 1 1 1 ; r;:.TijLiri; exu'T.c-urn. 
—Paris. 

^i.ui. !,!:.i. , iiili-ii.fl Is. 

TiEGEN, L. — LES CONSTRUCTIONS EN 

J- 7 l:l;lQl;i:3, co .up ■.>..<,■-, «t puMife.. SiiiTnlaons.-lBoB. 



In :i v. : y ];.r- f.uu p ; i I Wiir:..-;. £1 11,1.1;,!. 

/"'AEU'J'.N I'll!, F. V.— The ^k-iulid works of M. 

XJ KAEItTN Kit m Munich, druvn In a very Urge nine, con- 
i-is!m» in t:.i- ry i.i pli.n-i. ,■!<■! ■ili.-i,,,. i 1 , ■ , : 1. : .-. i-1;iUs, mil 

n.'fitiuin, !•.:.:! r.,;< m- ,1 n:n«:iia:<. Tlur £!illi,:li, Willi details, Oros- 



XT ALLEN B A C ) 1", C. (.'.—< 'hronologi'e derDeutseh- 

»■*■ Mitt iil'ilro-Ii.-lu-n Ilji/mi-iii. Mii,.!,-1„.,-,: I'i:,.. lVorfc. 

The works of the crest master Kl.lJNZIK i.t .Munich, in 5 purl, 
very large folio, 30 plate* of elevations, plum, sections, details 
amiornamenu of IiIk public and private buildings eiecutol in 
Munich and St. Petersburg, £2 2s. 

KLENZE, LEO VON. — Sammluog Artkitec- 
tmtiahsr Eu^ iirf,.. !■.., .it,. Aii-mhrn!i S best.inmt oder irirk. 



L-OKEIGN WORKS KEPT IN STOCK AS 

1 FOLLOWS:— 



i.Lvrsl£una 1 u IB, very finely eiecuted platen, large Imparl*! folio, 

pHATEAUX DK LA VALLEE DE LA 

^ l.Oil'.H DEM XV, XV!, LT CUllMLXCiiJlEST DC XVII 

£IE(J!,E.— Puns, 1«7— CO. 

■Ite, »S].IMeB, 72C; £2 10s. 

TJ'ECUEIL DE SCULPTURES fiOTHIQUE.— 

DeiilnceJi et nv.ivc^- a r«m fa: I,- is'uviiiYi !.■< jilin brain monu- 

TM. IUd tunslruiu i ll [■'raij^.. :l^nU in I>li7. inn- j u J. [' ut'.L qui 1S7.L1.-I r 

biicli-, pur ADAMS, losineieur dcs Imvihix dc 111 Silute Cliapelle. 

RE. : 

DANIEL ilAMEE, fuin 

js lims »■ I'.ilnitn. imlf ![inri.tT(J ; _ 
SONNE, ill: 1' Architect lire Fi 



2 vola,, rxu-,i iriip-risU r-.iV.i-. [nice £0 ll!a.6d. 

13 ACTA D'ALTACOMBA— Storia e DeacrizioDc 

1 ' iklln Aulic, s.-j. Lci.rn du LUiUi di Savola, fonditu, da Amidio 
111. rlnnuvjliad* Curio IVIIsV ,i M ;ui.l UimSiisi. _ 



CANOVA. — Le Tonibe ed i Monument! Illustri 
d'JIaila. M iUnc. 

2 mis. 4tn, 1)7 clsWMu 1'ia'ea, Iris, 

pATALIEKL SAN-JJliHTuLO i'NICOLA).— 

*- J iSTlTlUZIDNI DI AUrULTr.T.TKA hTATlCA 1] I 111; A I - 



pICOGNARA (COUNT).— Let abbricheetf 

montl Ospimii li VcRciii. illusiiuii An. 1.. ijicogonta, da A. 
]>ied,>, e da O. A. K-nivu. n li/.i,ir..i csi is. ,]>i.i:- iulu ,m a^Eiuale ili 
rr*t,pi,<!o ZnmUto, aiTivcliiiii di iiiinvc ihvdIii e dulla Ve-'~~* 



l'rjncsc. VctiiSKia ii- ;[... snii. jiaz. ili 11. Allt-ii.d.;! 1 spcs.! dnssLl 
Ullit. 0. Aril-.|ii;lii r [.msi-iss-i i:.| I ,.,[.. :sii-i.^ 1-.:^. TL'.o tlaiiMHitclr du- 

,■!,■. , ,t']v ! ! in is. Jill, lilsn :■} i- f. 

and intfJli-nvi-.i. i'^ IK. VenPz'a. 

Folio, Portrait^srid UT Plates, cans! sti"K of subjects of publlcbuiU- 

F°™BBRIC H . I ; • J -L i LSiASTICHE 
E M1L1TAKI DI MICIll'.l.l'. F AN MHJilELE disegnale 

"d intiiO ,1:l KU\/..IM l-'i . A N C KSCO 6 L. 

araoLAMO. 

J aim Wi'ale. ;i>, ll^'Li Ilul'.or.i, Linden, W.C. 
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3fl livrniMMns. |.i it-,. £U IHm. 

GALLERIA DI TORINO (LA RE ALE). — 
Illuatrata da 1?. D'A/.EC LIO, Menib. dell' Accad., &c. Ac. 
Ciipin., liiJI.Li] jt(i- f-i, £18 18s. 
-,• !! .mid t:;n>ii':i ;'i .'liL-ir:" i:n! i-innrMi-n bi r.iV.wj, fn.lm i.f, £:!.1 :S. 
U vols, fiiiln, ci>mi>li".r, L7; flutes "I oii'line. oleviuimn, nlim., In 

G- Tior-i, ili'Uiin. .tt-„ lifst imiirirssiim, 1 vi fr:mw, ImlMii'iiiiil. £ii «s. 
AUTHJJiK, M.P., Ard.itecte. — Les PLUS 
HEAUX fcDIFICKS do la VII.LE dc GENES et dca sea 



11EAUX 

knvihons. r*iis, iffln-i. 



r„lic-, lull I ' I lit-.- -I ill r'u;H, i-li-v:iti.i:n, iu'li .!!S, il.-tni;-., i- 

( ' RANDJEAN de MONTIGNY ct A. F All IN. 

— A11CIHTUCTU1N-; TO.-iUANi;, ou palais, maisonj, et 
:m(rns c.litic.os liP Sft T> ti'itiH-. 1'srn, IBIS. 

Olilong folio, fiiDM iiiii:.' :i [i 1 1 ifu oi pi c tn r .-^.| ,n: views of quinces 
nut! jmlilii; bui'ilii!^- nii'l sr-'iirs of Vonk'f. <■> pouted in [int'd 
i;r:ir.!riM.itiv, ni-.li mi: o^eriotions atfaclieii lo eacli. Elegant in 
balf ciLr* fflor.iw. interleaved, £4 Us. fid. 

TflER-G.— VENEZIA MONUMENT ALE PIT- 

JV TOltESCA. Venep.la. 

Imr^e folio, 111 livrHisotii nr :i vols., wttN U lula. of ten in -it-, 

T ETAROUILLY. P?— Edifices de Rome Mo- 

XJ dcrne. 1'a rla, 1 885-56. 

r'iiio l'latos of th- V. «- I'iiiasc of Justice, rii'imti! H'im-(!,"ic","|itniis 
elovatiODS, sections, daora, &c, doUlla of the several parts, &c, 

M £I ICHELA, IGNAZIO.— DESCRIZIONE e 
DBEOfJI del l'ALAKX.0 d-i M A I.: ISTif ATI L'll I 
dl TOR I N O. Torino. 
l.iLr^n foli^, S-l I'i.ile-, i'l'iiiii in t-ilr* N: :il f-;:i >r;.r.o., - ill and ;ni>~i-" 
leaved, price £G 10b. 

"DETNAUD, L. — Trattato di Arcliiteltura, con- 

tenonte nozoini fifiicrali aui Princlpii dclla Coast™ 7.10™ 11 



i:ii]>i:fi.i! M'ltkv !iv ■ vi.ln-n 
-v. and treat, of the . 
.hmcnt aa a kingdom, : 
.■out political position, with I'Lutes, £.1 3*. 

ENEZIA. — E le aue Lagune. Venezia, 1847. 



yENEZIA. — Copies elegantly bound and giltj 

In 2 large folio volumes, numerously and elaborately dra-n Platea, 
very well eiccu'eii in outline, tilt. -pother a very lino irorlt. Vitv 
alananllj' half-bound In morocco, eitra gill and Interleaved, 
£12 12a. 

A CCADEMIA DI BELLI ARTI. — Opere del 

-l I Ornr.di Cnnror.si l*ri!i::iiifeilii!l !. !(. Air. ulcmiii nY'le Ridle- Ari 
in Mllaro, epubll-ate, per mm dell' ArehltettO, G. Al.f ISK TT1 ' 

wsl dl 0 

- JI 

Woale, 69, High Holbom, London, W.C. 



'OREIGN "WORKS, KEPT IN . STOCK AS 

y tiLunv s:- 



folio, £3 13a. Gd. Elegantly half-bound iu extra n 
interleaved £6 IBs. 8d. 

A LBERTOLLI, G. — Alcune Decorazioni di Nobili 

-il- Saleeii AHri Driiaiaeiitl. Milauo, 1797, 1B21,1S3B. 

To be had separately, £1 8a. 

A LBERTOLLI, G. — Part III., very frequently 

required to make up seis. 
2 vols., folio, 80 Fiaies of the most ciqsiisite kind in colours, far 

s II III rilif !') liov .-.li-ili":? w..|k <-i rill- *■-!! lb. v. £7 III.::. 

HOFFMAN, ET KELLERHOVEN. — Recueil 
de Dossing rolstifs a I'Art da la Decoration chei tous lea 
penpics et am plua belles opoques lie loir civil 
tinea a servlr do motifs ct de matcriiun Jinx p -i: 
paltitrea sur verre, ot a>ix dosainatsurB do fabrlque 

XT OPE, ALEXANDER J. BERESFORB, Esq.— 

l-L Al>bi!i;!in^!i i'i-' (ibi-.spi'.iakic in der Salvator-Kirche iu 
Ki![l:!,.v.-ri ill il.'r t: r.MTx :i:if,-. K.ml. C ■»>.*■< .,1' i-aimin^s <m jjlus^ in 
Cliriat Church, Kilnd.iv.-n, in tbo county of Kent, executed, fn the 
JIotjI Eilsbli-iliiaciit .'01- r^llTici on Ulsr,'. ituui-j!:, 1>¥ oriier of 
ALEXANDER .1. llFIti^FOUD IIiil'F., K-q., published by F. 
Eggert, Palnt»r or, rilnsn. MLizn l,,;.. The work oonlaina one sheet 
with the dedication to A. J. li. HOPE, Esq., and fourteen windows; 
in tha wholo fifteen, beautifully ongraYed and carefully coloured. 

In largo folio, BO Platea, containing a profusion of rich Italian aod 
other ornaments. Elegant in half-morocco, gilt, and interleaved, 
£6 6 s. 

"I XJLTENNE, E.— Industrie Artiatica o Racoolto 

*' ill Uoinoo.iii'.il'.i t: l)..coro7.i.-:ii Ol v.J.iJont:i li, ci-rac- Kiippcllci. 
tili, tappez/irie. armamre, crlstalll, solTitt],cornici,IanipBde,T)ronii, 
eo. Vcoenin, 1S61-18S8. 



I" E PAUTRE^oUeetfoii'defpIua belies Com- 



This unique collection ti In 3 Vola. 4to, had ita commencement in 

METIVIER, MONS., Arch itectc.— The original 
Sketches, Drawings, and TraotagB, in pencil and pen and 
ink, of executed Works aod Proposals, displaying tbe genius of 
Mens. M, tMtir, as mi architerl uf attainments, whose recent 

and waa induced to settle iu Munich by the late Duke of Leuchten. 
berg, under wiiose patronage he was much employed in tbe con- 
atriniiian of privnit t-il L ti for il-o P.iivv.i ir.n nobility mid gentry ; 
and for decoration and fittings of them ; his interiors are still much 
In admiration. He btiitt n miiiis:-.n lor lb ir.c.i amies, in a most 
Eimplo and elegant style (in liri.sm.o- Ptr.ioti, »hich Is still now 
considered one of tha purest buildings ol Munich. Tha above 
Skeichea are hia professional life and practice. 



ARNAMENTENBUCH.— Farbige Ve 

fttr Fabrlkanten, Zimmcrmaler und andere 
MUncheu. 

John Weale, SB, High Holborn, London, W.C. 
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410 7>]at,..= . ill In-,, ll,L,-k !:•:■>: -It ■. Vi.iS., iliwip-lieil Slid e.lfMVMl bv 
.11 M. Iti;i-:-r A !-,'<■;. .!" 1 1 .tl; I-i , .V;ii:[v, \Vi.:;:-.tr, L. "i'c.U'l:g:',i 
ct j:-'-iii(!r. Ac. £5 6a. 

QENEMENTS. — TWs on imitfia dea Qnatro 

Sli Parts, liii'sa fulif, 

of tlio liuerhrs, I 

■£3 12i.8d. Also, elcRftOtl, ...... 

"D OTTMAJSTK, L, — Ornaments aus den vorziig- 

J-t I)».is,'! nr, in- U'.-iis. MFiiLchsu. 

Very elejritnt. I" half red mcnv.fr--,. :: |[t. .ml i nM-leaved, £7 17j. Gd 

ZANETTF. O-.— STITDII ARCHITETTONICO 
OBNAMENTALI, dedlcMl all' J. K. Aeoidemla VenaU della 
Hollo Artl, second* ediiiono con nRfiiiliitn del Prof. L. TJEtF.AN'1. 
BO livrnisous. In Imperial {Mo, siuuut 2"0 *,\ m-jst lilnliuratnl/ <!.■. 
signed sulijoots uf Arch i tectum Find Interior l-'iilinpvi, Resigna fur 
L'liimaey I'i . icon xvorl-: lor Iu;c;;,j-.; ami I'Is'.l: lur:;, Gates and 
W...;cU>]i Gri'---, c;inl--i lh:.-.i;iiii.-..;^ r including tbo Ap. 

pendlcea. Venezli, 

A Catalogue, of 40 pagea, to be had 
gratis ; printed in demy 8vo. 
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In Alias of Plat,* and Tlx!, 12m.), price ?5s. /■■yc'tia; 



IRON SHIP BUILDING. 

PRACTICAL ILLUSTRATIONS. 



JOHN GBANTHAM, N.A. 





DESCRIPTIOh 


OF 


PLATES. 


1. 


Hollow nud Bar Keels, Slim and 


13 


Large Vtuil, showing details 




Stern Poets. 




AJIer End in section, with End 


2. 


Side Fmmes, Floorings, and Bilge 




View, Stem Frame for Screw, 




Pieces. 




and Eudder. 


8. 


Floorings continued — Keelsons, 




Large Yeisel, showing details. — 




Deck Beams, Gunwales, and 




ilidMp Section, Half breadth. 




Stringers. 


IS. ifathinu for Punching and Shear- 


4. 


Gunwales continued — Lower 




ing Plates and Angle-Iron, and 




Decks, """i Orlop Beams. 




for Bending Plates ; Rivet 


5. Angle-Iron, T Iron- 2 Iron, Bulb 




Hearth. 




Iron, us rolled for Iron Ship- 
Building;. 


16. 


Uadhet.— Girfjrth'a Riveting 






Midline, Drilling and Counter 


6. Rivets, shown In section, natural 




Sinking Machine. 




size, Flush and Lapped Joints, 




Air Furnacefor Healing Plate sand 




with Single and Double El. 




Angle. Iron; various Tools used 




veting. 




In Bivetingand Plating. 


7. 


Plating, three plans, Bulkheads, 


18. 


Gunwalt, Keel, and Flooring; 




and modes of securing them. 




Flan for Sheathing Iron Ships 




Iron Masts, with Longitndlnsl and 




with Copper. 




Transverse Sections. 


W. 


Illustrations of the Magnetic Con- 


9. 


Sliding Keel, Water Bsllnsf, 




dition of various Iron Ships. 




Moulding the Frames in Iron 


20. Gray"s Floating Compass and Btn- 




Ship-build log, Levelling Plates. 




naclc, with Adjusting Magnets. 


10. 


Longitudinal Section, and Half- 


21. Corroded Iron Bolt In Frame of 




breadth Deck Plans of Inrge 




Wooden Ship; Caulking Joints 




Vessels, on a reduced scale. 




or Plates. 




Midship Sections of Three Vessels 


sa. 


Greet Eastern— Longitudinal Sec- 




of different sizes. 




lions and Half-bread!h Flans. 


12. Large Vaiet, showing details,— 


S3. 


Great Eastern-* Midship Section, 




Fort End in Section, and End 




with details. 




View, with Stern Post, Crutches, 


at 


Great Eastern— Section in Engine 




Deck Beams, &c. 




Room, and Padille Boies. 



This Work may be bad of Messrs. Lockwc oj>!i Co., No. 7, Stationers' 
Earl Court, and also of Mr. Wealk ; cither tho Atlas separately 
for II. 2*. 6tf., or together with the Test price as above stated. 

Bradbury and Evans, Printers Whlfcftlara, 
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